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Description

Cross-reference to related applications
Concurrently filed herewith and assigned to the same assignee as this application are:
“An Interface Facility for a Packet Switching System”, European Patent Application No. 83900465.2;
“End-to-End Information Memory Arrangement in a Line Controller”’, European Patent Application No.
83900598.0;
“Time Stamping for a Packet Switching System”’, European Patent Application No. 83900516.2 and
“A Fast Packet Switching Network”, European Patent Application No. 83900515.4.

Technical field

This invention relates to a packet switch for switching packets of digital signals between a plurality of
input terminals and a plurality of output terminals, and said switch comprising, a plurality of input control
means each of which is connected to an individual one of said input terminals, as plurality of output control
means each of which is connected to an individual one of said output terminals, means individually
connecting each of said input control means to each of said output control means.

Background of the invention

The advantages of transmitting data and voice information in packets has long been recognized. Packet
switching provides a known solution to probiems where the information to be transmitted occurs in short,
high-rate bursts, with {ong pauses between bursts.

As the number of different applications for packet switching grows, the requirements have become
more stringent on packet switching systems. They must be capable of routing the packets to their
destination, preferably through the use of an address contained within the packet itself. In addition, the
system must provide buffering at different nodes within the system to allow for the temporary storage of
packets if the intended route of those packets is temporarily experiencing traffic delays. Many of the
emerging applications for packet switching, such as for the switching of digitally encoded voice
information, require a packet switching system having thousands of the switching modes. An important
goal in the design of such large packet systems is that each node be capable of rapidly switching packets
and especially have a reasonable physical size.

Prior art systems for switching packets have been rather small systems consisting of only a few
hundred nodes. In addition, such systems have employed large computers using sophisticated software
packages to perform the packet switching functions at the nodes within the system. The systems

customarily have used complex control protocols to handie the problems of error recovery and flow control - -

and, as a result, have had a limited packet handling capability.of only a few thousand packets per second.

Typically, in the prior art, when a packet was received, a computer examined the logical address to
determine the destination of the packet and then executed the necessary steps to effect a transmission of
the packet to that destination. The process involved the time consuming steps at each node of translating
the logical address into a physical address of the transmission link over which the packet was to be
retransmitted, and then, after receiving and buffering the entire packet, performing error and flow control
function followed by actual packet retransmission to a succeeding node. Obviously, such a complicated
process results in substantial throughput switching delays and undesirably introduces variable delays at
the different switching nodes which culminates in packets arriving out of sequence at their destination.

“Binary Routing Networks", /EEE Transactions on Computers, Vol. C-28, No. 10, October, 1979, {(New
York, U.S.} A. Hopper, et al., pages 699—703, indicates the possibility of performing address rotation by a
packet switching node within a packet switching system. The extent of this disclosure is the statement on
page 699 that ‘“to minimize the delay through each node the routing bits can be rotated so that the first bit
of the route field always indicates the next field”. No further disclosure of rotating the address bits is given
in this article or how such rotation would be implemented.

U.S. Patent 4,284,976, describes segment interface circuits for interexchanging packets between a
broadcast medium such as optical fibers or satellite communications in a packet switching system. The
segment interface circuits are responsive to packets being transmitted on one broadcast medium to
transfer these packets to another broadcast medium if the most significant address of the destination
address field indicates the packet is intended for the other broadcast medium. Before transferring the
packet to the other broadcast medium, the segment interface circuit removes the most significant address
from the destination field and places it in the source address field. The segment interface circuitry does not
address translation nor does it form a new type of packet.

“A Packet Network Architecture for Local Interconnection,”” /CC” 80 Conference Record, Vol. 3, June
1980, (New York, U.S.) S.S. Lam, pages 39.2.1—39.2.6, describes a packet switching network based upon
broadcast coaxial cables and is intended as a iocal network environment.

U.S. Patent 4,049,906, describes a digital message network for the communication of address coded
telegrams between a plurality of subscriber stations. The originating subscriber station transmits a
telegram message to a destination subscriber station by first inserting the actual complete physical address
necessary to route the telegram through the digital message network to the destination subscriber station.
The subscriber station/switching nodes are responsive to telegrams to examine the physical address and to
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properly route the telegram to the next subscriber station. The patent teaches that as each subscriber
station processes its portion of the physical address, it deletes this portion of the physical address so that
the physical address becomes shorter and shorter as the telegram proceeds through the network, column
4, lines 37 through 43. The patent does suggest that another way in which the address could be handled
would be to rotate the physical address as it proceeds from the subscriber station to subscriber station, but
no disclosure is given of how this would be implemented, column 4, line 35.

"Message Switching Circuits for Multi-Microprocessors,” COMPCON 80 Conference Proceedings, IEEE
Computer Society, February, 1980 (San Francisco, U.S.) C.H. Sequin, pages 331—333, described in Section
3.2 a transmission protocol between switching modes whereby upon receiving each byte of a packet, the
receiving node transmits an acknowledge signal back to the transmitting node. Fig. 4 illustrates a timing
diagram utilizing this protocol.

“Prototype X25 Interchange for Use in Local Area Networks,”” Software and Microsystems, Vol. 1, No.
3, April, 1982, (Camberley, GB), F. Halsall, et al., pages 69—73, decribes a multiprocessor packet switch
utilizing the CCITT standard protocol X25.

“Proposed Organization for Packet Switched Data—Communication Network, “Proceedings of the
IEEE, Vol. 119, No. 12, December, 1972, (London, GB) D.H. Beeforth, et al., pages 1677—1682, describes a
system which employs adaptive message routing and, in particular, uses a route-switch packet to establish
route information at each node within the switching system. The route-search packet is transmitted from an
originating terminal to a destination terminals for setting up a route for a message. Each node in response
to the route-search packet determines the most suitable link for forwarding the route-search packet to the
next node and stores entries in the route list necessary to route subsequent packets of the message. When
the route-search packet is received at the destination terminal, the destination terminal transmits a
route-reply packet to the destinational terminal over a reverse path of the route. The route address
information necessary to communicate subsequent message packets is stored at each node.

Not only are known prior art systems unable to implement a toll switching network function because of
the undesirable switching delay, but the existing structures for switching node architectures heretofore
would be physically too large if expanded to perform the toll function. The prior art architectures do not
lend themselves well to physical reductions which are possible through the use of very large scale
integration {VLSI).

Summary of the invention

The problems are solved in accordance with this invention in a packet switching system in which each
of said packets comprising an address field of said digital bit signals defining a packet communication path
from an individual one of said input control means over said connecting means and an individual one of
said output control means to said individual one or said output terminals connected thereto, the input
control means comprises, means for storing address and other digital bit signals of a packet received from
said individual one of said input terminals and means responsive to a receipt of said address signals for
sending a packet communication request signal to the address designated output control means, means
for controlling said storing means to commence a transmission therefrom of address and other digital bit
signals of said received packet to the one of said output terminals identified by the stored address signals
of said packet immediately upon receipt of a packet communication availability signal indicating an idle
condition of said defined one of said output terminals.

A departure in the art is achieved with an integratable high-speed switching network having a plurality
of switching nodes interposed between a plurality of input and cutput conductors and with each such node
comprising a circuit responsive to a receipt of a predetermined group of bits in a bit pattern from the input
conductors for steering the bit group to a subsequent one of the switching stages or to the output
conductors. Each node further comprises a circuit for repositioning the group of bits to a different location
in the bit pattern incident to the steering. The steering circuit is responsive to the predetermined group of
bits appearing in the most significant bit position of the bit pattern, and the repositioning circuit relocates
that group of bits to a less significant bit position of the bit pattern prior to the steering.

The network architecture comprises interconnected switching nodes and a protocol of operation
between those switching nodes which allows for the interchange of signals that determines whether or not
a packet can immediately be transmitted to the next sequential switching node without full buffering of the
entire packet. The protocol provides that each switching node determines the next sequential switching
node illustratively in response to the most significant bits of the address contained in each packet. The
protocol utilizes dynamic path availability signaling between cooperating switching nodes to reduce packet
buffering delays and increase hhe speed of packet switching through the system.

Packet buffering delays are reduced by equipping each input of a switching node with a variable length
buffer. The latter stores a portion of an incoming packet until the dynamic signailing from the next
sequential switching node specifies that packet transmission can immediately commence to that switching
node. The use of the variable length buffer and signaling protocol allows the system architecture to utilize
only the minimum amount of buffering required to communicate a packet through the entire switching
network and, therefore, greatly reduces the time delay encountered by the packets.

The illustrative method involves the steps of storing the packet in a first stage switching node,
decoding the address field of the packet to define a second stage switching node and retransmitting the
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packet significantly with a rotation of bits in the address field that designated the second stage switching
node. The address bit rotation provides for operational uniformity of each switching node and for fast
switching by having each node respond immediately to the first received most significant address bits
appropriate to that node.

Advantageously, the signaling protocol is arranged so that second stage switching nodes dynamically
transmit in real time to each of the first stage switching nodes to which they are connected, an illustrative
link open signal when the buffer in the second stage switching node is free to accept another packet. Upon
receiving the link open signal, a first stage switching node immediately commences retransmission of any
portion of the packet contained within its buffer whose address field designates a second stage switching

‘node that has transmitted the link open signal. This dynamic transmission of the link open signal between

first and second stage switching nodes allows the packet to be only buffered, or delayed, within the first
stage for the minimal amount of time required until it can be retransmitted to the second stage. Hence, the
method reduces the delay incurred by a packet during transmission through the switching network.

The switch network architecture results in Fast Packet Switching Network (FPN) which is constructed
with a plurality of switching nodes each of which advantageously comprises a plurality of input and output
control circuits illustratively embodying the address rotation structure, variable buffering structure, and the
signaling protocols for fast packet switching. The exemplary network is arranged to interconnect functionai
facilities which interface illustratively with central processors, transmission facilities, and concentrators. In
the illustrative embodiment, the interface facilities are designated trunk controllers.

Each of the switching nodes is illustratively configured in a 4x4 arrangement including four input and
four output conductors connectible to four trunk controllers and four other switching nodes of the network.
Four input and four output control circuits advantageously switch any input conductor to any output
conductor in response to address information contained in an incoming packet and under control of the
signaling protocol.

The switching node architecture facilitates its fabrication by VLSI technology. It advantageously does
so by utilizing identical node circuitry and modes of operating that circuitry together with a minimal
number of conductors for connection to trunk controllers and other switching nodes. To elaborate, a single
conductor is used for both control signaling and data communication to a succeeding switching node or
attached trunk controller. Muitiple conductors within a VLSI chip are used between input and output control
circuits of the same switching node for packet communication and protocol signaling. The use of VLSI
technology effectively reduces the physical requirements and operational complexity.

It is an advantage of the. present invention that the.illustrative packet switching network utilize an
address rotation structure at each switching node for rotating binary bits in the address field of a received
packet to speed-up packet switching and to provide uniformity in the operation of switching nodes. By way
of example, the address field is arranged with most significant, intermediate and less significant bits for
progressively defining a path through the switching network(s) of the system. Operationally, each
switching node is responsive to the most significant bits to define the immediate path through that
switching node and then those bits are rotated to the less significant category and the intermediate bits
become the most significant for the next switching node. This provides for uniformity of switching node
circuitry and its routing operation only in response to the most significant address bits which are serially
received first at each node and acted upon at each node to advantageously contribute to the speed of
packet switching.

A feature of the present invention is that a signaling protocol is used between the input and output
control circuits within a switching node and between the output control circuit of that node and a
downstream input control circuit of another switching node. The node and internode protocol increases the
speed of packet switching by signaling exchanges of link open and packet transmission request and grant
signals within the node circuitry and among cooperating interconnected nodes.

Each input control circuit is equipped with a buffer for the storage of packets. The present invention
utilizes the node and internode signaling protocol for enabling that buffer to store the contents of a
received packet only until it is ascertained that the path through the node to a succeeding node or trunk
controller is free for packet communication thereto. The link open, request and grant signaling effects an
immediate transmission from the buffer with minimal delay to the destination specified by the address
information within the packet itself.

Each input control circuit is further equipped dynamically to signal a link open condition over its input
conductor for signifying that its buffer is free to receive and store a packet of information. An output control
circuit of an upstream switching node is responsive to that link open signal to, in turn, signal all input
control circuits of the same node that transmission is allowed, or granted, through that output control
circuit immediately upon a signaling request from one of those input control circuits. As a result, buffering
delays are terminated at that point and fast packet switching occurs.

A salient feature of this invention is the provision of a packet switch for switching packets of digital
signals between a plurality of input terminals and a plurality of output terminals. The switch comprises a
plurality of input control circuits each of which is conected to an individual one of the input terminals and a
plurality of output control circuits each of which is connected to an individual one of the output terminals.
The switch further comprises means individually connecting each of the input control circuits to each of the
output control circuits. Each of the packets comprises an address field of digital signals defining a packet
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communication path from an individual one of the input control circuits over the connecting means and an
individual one of the output control circuits to the individual one of the output terminals connected thereto.
The defined one of the input controli circuits is equipped with a controller responsive to a receipt of the
address field signals for sending a packet communication request signal over the connecting means to the
individuai one of the output control circuits. The defined one of the output control circuits comprises
circuitry for supplying a signal over the connecting means to each of the input control circuits to signify the
packet communication availability of the defined one of the output control circuit and the individual one of
the output terminals connected thereto. Each of the defined ones of the input and output control circuits is
further responsive to the supplied availability and request signals for communicating digital signals of a
received packet over the defined packet communication path from the defined one of the input control
circuits over the connecting means and the defined one of the output control circuits to the defined one of
the output terminals connected thereto.

A feature of the invention is a packet switching network comprising first and second swntchmg stages
each of which has a plurality of switching elements each having input and output terminals. Each of the
input terminals of the first state is connectible to an individual input conductor. Each of the output terminais
of the first stage is connected to an individual one of the input terminals of the second stage. Each of the
output terminals of the second stage is connectible to an individual one of the output conductors. Each of
the switching elements advantageously comprises for each of one of the input terminals thereof a buffer
for storing address and other digital signals of a packet received on each one of the input terminals and a
controller for controiling the buffer to commence a transmission therefrom of the address and other digital
signais of the packet upon a receipt of a control signal indicating an idle condition of the one of the output
terminals identified by the stored address signals of the packet in the buffer.

Each buffer stores information in shift register facilities and utilizes a counter to determine where the
first bit of a packet is within the register facilities. When the controller in an input control circuit receives a
grant signal from an appropriate output control circuit, the data selector cooperates with the controller
which is responsive to the counter to select the first bit of the stored packet for immediate transmission of
the packet to the output control circuit.

[llustratively, each input control circuit is responsive to the most significant address bits to select the
output control circuit defined by those bits. Thereafter, an address rotation circuit on the input control
circuit rotates all address bits so that the most significant bits become the least significant. The input
control circuit performs the rotating operation by the cooperation of two of its shift registers and a data
selector. The data selector selects the output of one of the two shift registers. The-output of the first shift
register also feeds into the input of the second shift register. initially, the packet is flowing through the first
shift register to the second shift register and through the data selector for transmission to the defined
output control circuit of the same switching node. When the most significant set of address bits are present
in the second shift register, the data selector selects the output of the first shift register for transmission to
the output control circuit. The most significant address bits are not shifted until the {ast bit of the address
field has been shifted out of the first shift register to the output control circuit. Thereupon, the data selector
selects the second shift register for sending the stored most significant address bits in the least significant
positions of the address to the appropriate output terminal. The result of these operations is that the most
significant set of address bits are now rotated to the end of the address field and the next node operates on
the bits newly shifted into the most significant status.

Brief description of the drawing

Figs. 1 and 2 illustrate, in block diagram form, a communication system utilizing the switching
architecture of the present invention;

Fig. 2A functionally illustrates a switch node within the network architecture;

Fig. 3 illustrates the contents of a call setup packet which is routed from an originating customer
terminal to a destination customer terminal through the switching system;

Fig. 4 illustrates the contents of the call reply packet transmitted from the destination customer
terminal to the originating customer terminal in response to the receipt of the call setup packet;

Fig. 5 is a detailed block diagram of switching network 116;

Fig. 6 illustrates a switch packet which is used to route the call setup packet of Fig. 3 from trunk

_ controller 130 to central processor 115 via switching network 116 and trunk controller 129;

Figs. 7 through 9 illustrate the contents of the switch packet used to transmit the call reply packet of Fig.
4 through switching network 116 as the packet progresses through the different stages of switching
network 116 from trunk controller 131 to trunk controller 130;

Fig. 10 is a detailed block diagram of switching node 500-15 of switching network 116;

Fig. 11 is a detailed block diagram of input controi 1000 of switching node 500-15;

Fig. 12 is a detailed block diagram of address rotation circuit 1106 of input control 1000;

Fig. 13 is a detailed block diagram of output control 1007 of switching node 500-15;

Fig. 14 illustrates, in block diagram form, trunk controller 131;

Fig. 15 illustrates the logical organization of memory 1401 of trunk controiler 131;

Figs. 16 through 26 are detailed block diagrams of subsystems which comprise receiver 1402 of trunk
controiler 131;
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Fig. 27 is a detailed block diagram of address controi 1404 of trunk controller 131;

Fig. 28 illustrates the logical operation of address control 1404 in relationship to memory 1401;

Fig. 29 is a detailed block diagram of the implementation of pointers as used in receive interface 2701
of address control 1404;

Fig. 30 is a detailed block diagram of receive interface 2701;

Fig. 31 is a detailed block diagram of switch interface 1418 of trunk controiler 131;

Figs. 32 through 40 are detailed block diagrams of subsystems which comprise input circuit 1406 of
trunk controller 131;

Fig. 41 is a block diagram of output circuit 1405 of trunk controller 131;

Figs. 42 through 44 illustrate packet transformations performed by the subsystems of output circuit
1405 of trunk controller 131 on packets read from memory 1401 of trunk controller 131;

Figs. 45 through 49 are detailed block diagrams of subsystems which comprise output circuit 1405 of
trunk controller 131;

Figs. 50 through 53 are detailed block diagrams of subsystems which comprise transmitter 1403 of
trunk controller 131; Fig. 54 is a timing diagram; and

Fig. 55 shows the manner in which certain of the figures should be arranged to show the specific
illustrative embodiment of the invention.

The drawing shows in Figs. 1 and 2 the heavy line block of a switching network for emphasis of the
principal building block of the present invention. The details of that network are set forth on Figs. 10
through 13 and a functional illustration of the network is shown in Fig. 2A.

Detailed- description

Figs. 1 and 2 show an illustrative packet switching system having a plurality of local offices 102, 103,
108 and 109, and a plurality of toll offices 104—107 serving a plurality of customers such as customers 100
or 110. The following description first presents a general description of the subsystems comprising the
packet switching system of Figs. 1 and 2. Then a brief resume of a switching network and one of its switch
nodes with the node’s variable buffering, address rotation, and intranode and internode signaling
protocols is given to provide a focus on the invention. Next, a description is presented of the manner in
which a packet transmitted from a customer 100 resident interface 127 to customer 110 resident interface
155 has the necessary self-routing information inserted into it by each trunk controiler in its route through
the packet switching system. Once the routing of the packet through the switching system has been
described, the procedure used to compile the routing information is then described; and then, the method
used to store this information in each trunk controller in the route is described. Finally, a detailed
description of each block of Fig. 1 and 2 is given.

As shown in Fig. 1, local office 102 comprises a switching network 116 which terminates a plurality of
trunk controllers and which cooperates with central processor 115 via a central processor trunk controller
129 which is also connected to the switching network. Each trunk controller is tied into the network by
unilateral transmission media. Trunk controller 131, for example, receives information from switching
network 116 via conductor 132 and transmits information to switching network 116 via conductor 133.

On the customer side of local office 102, the local office is connected to customers via concentrators
which are interconnected to the switching network via trunk controllers. A concentrator has an internal
switching architecture similar to that of switching network 116 which is described in greater detail later and
has a self-contained trunk controller which interfaces the concentrator to the attached trunk. The
concentrator’s trunk controller is similar to trunk controller 131 which is described in greater detail later.
Each concentrator has connected to it a microprocessor which is used in conjunction with the attached
access line controller to perform the initial cail setup sequences and to provide call supervision as a
supplement to the inherent selfrouting characteristics of the packets being transmitted through the packet
switching system. The customer units are connected to the concentrators by the access line controllers.
Each access line controlier stores logical address and control information which is stored in the access line
controller by the controlling microprocessor. This logical address information is used to control the first
portion of the route taken by the packets transmitted through the attached switching network via the
interconnecting trunk controller. Each access line controller is connected to a resident interface contained
within each customer unit via standard bilateral transmission media. Packets are transmitted between the
access line controllers and the resident interfaces using standard packet protocols which define three
virtual channels for communication between the resident interface and the access line controller.

Each trunk controller comprises a memory containing a translation table for converting the logical
addresses into switch addresses which are used by the switching network to route the packets to the
destination trunk controller. Switching network 116 is interconnected to toll offices such as 104 by high
speed trunks with each trunk being terminated on both ends by a trunk controller. The subject matter of Fig.
1 is substantially duplicated in Fig. 2.

Turning now to Fig. 2A, a functional representation of switching network 116, is shown comprising
three stages of switching nodes. Switching node 200 through 201 comprise stage 1, switching nodes 210
through 211 comprise the second stage, and switching nodes 220 through 221 comprise the third stage.
More detaii with respect to the modular interconnection of the various switching nodes is given in the
discussion of Fig. 5. Each switching node modularly comprises four input control circuits and four output
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control circuits as illustrated by switching node 201. The other switching nodes are identical in design to
switching node 201. Switching node 201 has four input control circuits 230 through 233 and four output
control circuits 240 through 243, Each input control circuit has one output cable connected to each of the
output control circuits. The output cables carry both data and control signals between the input and output
control circuits. The details of a switching node are given in the discussion of Fig. 10. The composition of an
input control circuit is shown by the block diagram of input control 230, and further details of an input
control circuit are given in the discussion with respect to Figs. 11 and 12. Similarly, the composition of an
output control circuit is shown by output control control 243 and a more in depth discussion is given with
respect to Fig. 13.

As a packet is initially received by input controi 230, the packet is variably buffered in memory 251 via
receiver 250 until transmission can cammence to an output control circuit designated by the address in the
packet, such as output control 243. Assuming the address designated output control 243, the
retransmission starts as soon as switching node 211, can accept the packet; hence, it is not necessary to
completely buffer a packet before retransmitting it. This variable buffering greatly reduces the time delay
for switching packets through network 116 and is facilitated by the exchange of intranode signaling
between the input and output control circuits within a node and by the internode signaling which takes
place between the output control circuit of one node and the input control circuit of the designated
switching node. The intranode signaling involves the utilization of request and grant signals between the
input controi circuits and the output control circuits after the input control circuit initially receives the start
of the packet. The internode signaling involves the setting of the idle/busy flip-flop, such as flip-flop 261, in
the output control circuit to the idle state by the connected downstream switching node when the latter is
capable of receiving another packet. The downstream node sets the idle/busy flip-flop to the idle state by
transmitting a link open, or packet communication available, signal to the output control circuit. In addition,
the utilization of an address rotation circuit within the input control circuit properly to reposition the
address bits before transmission to the next sequential node greatly increases the switching speed.

Considering Fig. 2A now in greater detail, input control 230 is responsive to the start of a packet from
trunk controller 131 to store the first portion of the packet into memory 251 and to examine the address
associated with the packet to determine the output control circuit designated thereby. Assuming that
output control 243 is so designated, control 252 requests permission to immediately commence
transmission from memory 251 to output control 243 by transmission of a request signal via cable 280. If
the input control circuit of switching node 211 to which output control 243 is connected via link 281 is
capable of accepting a packet, the idle/busy flip-flop 261 is setto the idle state. Upon receipt of the request
signal from input control 230, output control 243 transmits back a grant signal via cable 280 and properly
condition data selector 263 to accept data from cable 280 if flip-flop 261 is set to the idle state. Upon
receiving the grant signal, control 252 immediately causes memory 251 to commence transmission to
output control 243 via address rotation circuit 253 and multiplexer 254. Control 252 properly conditions
multiplexer 254 to properly select output control 243 for transmission. After the packet has been
transmitted, output control 243 sets flip-flop 261 to the busy state.

The function of address rotation circuit 253 is to rotate all address bits such that the two most
significant bits of the address are always presented to the next succeeding switch node. This is necessary
for the modularity of all packet switch node operations and for speed of packet switching since the input
control circuits always base their selection on the two most significant bits of the address and do not have
to delay their switch actions which would otherwise occur without the rotation. When switching node 211
receives the packet from output control 243, the address is properly aligned so that the selection is
immediately made based on that address.

" When switches node 211 is capable of accepting another packet, it sets flip-flop 261 to the idle state
indicating that another packet can be transmitted to switching node 211 by transmission of the link open
signal via link 281.

Turning now from the network functions and structure, the procedure for obtaining and storing
self-routing information in address memories of the appropriate address line controllers and trunk
controllers is described. The information is obtained by a call setup packet being transmitted from the
appropriate access line controller connected to the originating customer unit through the various
microprocessors and central processors which are associated with the different concentrators and local
and toll offices which form the route through which the call setup packet must transverse in order to reach
the destination customer unit. As the call setup packet progresses along this route, each processing entity
inserts a new logical address into the packet and stores the necessary logical and switch address
information in the appropriate access line controller or trunk controliers. Once the call setup packet is
received at the microprocessor attached to the concentrator to which the destination customer unit is
connected via an access line controller, the receiving microprocessor transmits the appropriate logical and
switch address information to the connected access line controller which stores it in its address memory;
and the receiving microprocessor assembies and transmits a call reply packet which indicates that the call
has been properly set up. After the call reply packet is received by the orginating customer access line
controller, all the necessary routing information is set up in the access line controllers and trunk controllers
forming the packet route so that packets can be directly routed through the switching networks without the
packets having to be handled by the associated processing entities.
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The utilization of the call setup packet is now illustrated in greater detail by describing the
establishment of a telephone call between customers 100 and 110. Customer 100 calls customer 110 by
dialing the customer 110 telephone number. Resident interface 127 collects the dialed digits in the
conventional manner. After resident interface 127 has collected the dialed digits, it transmits the dialed
digits in a packet via line 122 to access line controiler 112a. In response to the packet received from resident
interface 127, access line controller 112a assembies and transmits the packet shown in Fig. 3 to
microprocessor 111 via concentrator 112. The packet identifier field identifies this packet as a signaling
packet and a 1" in the most significant byte of data field indicate that the packet is a call setup packet. The
remainder of the data field contains the dialed telephone number.

Upon receipt of the packet of Fig. 3, microprocessor 111 examines the dialed telephone number and
determines that a connection is required through switching network 116. First, microprocessor 111
transmits to access line controller a new logical address to be used in subsequent packets and the switch
address defining concentrator 112's trunk controller which connects trunk 117 to concentrator 112. This
switch address is used by concentrator 112 to route subsequent packets to trunk 117. Next, microprocessor
111 stores in concentrator 112’s trunk controller the switch address identifying access line controller 112a
and information defining the virtual channel to be used by access line controlier 112a in communicating
with resident interface 127. Finally, microprocessor 111 assembles a packet similar to the one shown in Fig.
3, but having the logical address in the logical address fieid which had been stored in the address memory
of access line controller 112a. This new packet is then transmitted to centrai processor 115 via concentrator
112, trunk 117, trunk controller 130, switching network 116, and trunk controlier 129.

Upon receipt of the packet from microprocessor 111, processor 115 determines from the dialed
telephone number by performing a table look-up operation that the call must be sent through to office 104.
Processor 115 first transmits the logical address contained in the received packet and the switch address
identifying trunk controller 130 to trunk controller 131. Trunk controller 131 stores this address information
in an internal memory and uses this information to perform the necessary logical to switch address
translation on subsequent packets associated with the call being set up. Processor 115 then transmits to
trunk controller 130 a new logical address and the switch address identifying trunk controller 131. This
address information is used to perform the necessary logical to switch address translation for routing
packets from trunk controller 130 to trunk controller 131 associated with the call being set up through
switching network 116. The last operation performed by processor 115 is to transmit a call setup packet
similar to that shown in Fig. 3 to central processor 113 via switching network 116, trunk controller 131, trunk
118, trunk controller 140 and switching network 146. The packet transmitted to processor 113 has in the
logical address field the logical address information identical to that previously stored in trunk controiler
130.

Upon receipt of the packet from trunk 118, processor 113 performs operations in response to this
packet similar to those performed by processor 115 as previously described with respect to the call setup
packet. Processor 113 then transmits a call setup packet to central processor 123 via switching network 146,
trunk controller 142, trunk 119 trunk controller 147, and switching network 148. Processor 123 performs
similar operations to those performed by processor 113 and transmits a new call setup packet to central
processor 114 via switching network 148, trunk controller 149, trunk 120, trunk controller 150, and switching
network 151. Upon receipt of the call setup packet from processor 123, central processor 114 stores the
logical address information of this packet and the switch address designating trunk controller 150 in trunk
controller 141. Central processor 114 then transmits a new logical address and the switch address
designating trunk controiler 141 to trunk controller 150, which stores this information. After storing the
necessary information in trunk controliers 141 and 150, processor 114 assembles a new call setup packet
having the logical address which had previously been stored in trunk controiler 150 in the logical address
field and transmits this call setup packet to microprocessor 125 via switching network 151, trunk controller
141, trunk 124, and concentrator 126.

Upon receipt of the call setup packet from processor 114, microprocessor 125 reads the logical address
information contained in the logical address field and stores the logical address in address memory 152 of
access line controlier 126a. Microprocessor 125 then transmits a call reply packet as illustrated in Fig. 4 to
microprocessor 111 via the previously defined route through the packet switching systems of Figs. 1 and 2.
The logical address field of the packet of Fig. 4 contains the logical address which microprocessor 125
received in the call setup packet from processor 114. Trunk controiler 141 is responsive to the receipt of the
packet of Fig. 4 to translate the contents of the logical address field using the previously stored logical
address to switch address transiation information and to insert the previously stored logical address into
the call reply packet. The switch address which results from this translation by trunk controller 141
designates trunk controller 150. This switch address is used by switching network 151 to route the call reply
packet to trunk controller 150. Trunk controller 150 is responsive to receipt of the call reply packet to
transmit this packet to trunk controller 149 via trunk 120. The call reply packet is similarly routed through
the various trunk controllers until it is received by microprocessor 111. Once the call reply packet is
received by microprocessor 111, all the necessary information for routing calls through the various
switching networks is stored within the trunk controllers and access line controllers in the route.

Switching network 116 of local office 102 is shown in greater detail in Fig. 5. All connections to
switching network 116 are made through the trunk controllers shown on Fig. 1. The trunk controllers
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receive information at a 1.54 Mb/s rate and transmit this information into the network at an 8 Mb/s rate.
Each trunk is capable of buffering five packets of information from the attached trunk. The buffering of
packets at the input from the trunks is necessary because the packets may have to be delayed before they
can be transmitted through the network. Buffering is also needed by the trunk controllers for information
being received from the network before it can be retransmitted on the attached trunk. Each trunk controller
is capable of buffering up to 40 packets of information from the network before commencing
retransmission out on the trunk. Each trunk controiler has one input connection and one output connection
to switching network 116. For example, trunk control 130 transmits information to switching network 116
via conductor 134 and receives data from switching network 116 via conductor 135 as shown in Fig. 5.

The network itself comprises three stages of switching nodes. The first stage comprises nodes 500-0
through 500-15, the second stage comprises switching nodes 501-0 through 501-15, and the third stage
comprises switching node 502-0 through 502-15. Transmission through the network is from left to right.
Each switching node is a packet switch. Each packet switch has four inputs and is capable of buffering one
packet on each input. The packets received on any input are transmittable on any of the four output
terminals of the packet switch. After receipt of a packet on an input terminal, the address contained in that
packet is used to determine which output terminal should be used to retransmit the packet. Only the two
most significant bits of the address are used to designate the output terminal for a particular switching
node. For example, switching node 500-12 retransmits the packet on line 505 if the most significant bits are
equal to zero, on line 506 if the most significant bits are equal to one, on line 507 if the most significant bits
are equal to two, and on line 508, if the most significant bits are equal to three.

Each note properly rearranges the address bits so that the receiving switching node in the next stage
has the correct bits in the most significant bit positions in order to determine which output terminal should
be used to retransmit the packet at that stage. .

The operation of switching network 116 as shown in Fig. 5 can be better understood by considering the
example of the switching of the packet shown in Fig. 3 through this network to central processor 115. The
packet shown in Fig. 3 is transmitted by microprocessor 111 via trunk 117 to switching network 116. Upon
receipt of the packet shown in Fig. 3, trunk controller 130 forms a new packet which is illustrated in Fig. 6.

The new packet is formed by taking the original packet received from trunk 117, removing the flags and
stuffed bits, and then adding the new fields of start bit, packet length, destination trunk controller, source
trunk controller, control, arrival time, and a new CRC field. Trunk controiler 130 responds to the packet
identifier containing a “0” by inserting a “0” into the destination trunk controller field. This is the trunk
number for trunk controller 129 to which central processor 115 is connected. Trunk controller 130 inserts its
own output connection number on switching network 116 (in this example 48) into the source trunk
controller field. The start bit defines the start of the network packet and the packet length defines the length
of the network packet. Trunk controller 130 inserts into the arrival time field the relative time of day. Once
the packet.of Fig. 6 has been formed and the input 513 of node 500-12 is idle, trunk controller 130 transmits
this packet to node 500-12.

Node 500-12 examines the most significant bits of the address field and selects output 505 since these
bits are zero. Before transmitting thie packet to node 501-12 via output terminal 505, node 500-12 rotates
the address field two bits to the left; this results in the two most significant bits becoming the least
significant bits, and the two middle bits of the address field shown in Fig. 6 becoming the two most
significant bits.

Node 501-12 examines the address field upon receiving it and selects output 512 since the most
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transmits the packet to node 502-0 via the output terminal 512. Upon receipt of the packet, node 502-0
examines the address field and selects output terminal 514 since the two most significant bits of the
address are zero. Upon receiving the packet, trunk controller 129 strips off the start bit, network address
field, and network packet length, and transmits to central processor 115 the packet identifier, logical
address, time stamp, and data fields plus a recalculated CRC field.

A second example will be used to help illustrate the operation of switching network 116 as shown in
Fig. 5. This will be done by following the transmission of the packet shown in Fig. 4 through switching
network 116 from trunk 118 to trunk 117. Upon receipt of the packet shown in Fig. 4, trunk controller 131
forms the packet shown in Fig. 7. After forming this packet, trunk controller 131 transmits this packet to
switching node 500-15 via input terminal 515. Switching node 500-15 examines the two most significant
bits of the network address field {in this example a binary three), and selects link 516 to transmit the packet
shown in Fig. 7. Before switching node 500-15 starts to transmit the packet via link 516, switching node
500-15 performs a left rotate operation on the network address field, and the resuit is the packet shown in
Fig. 8. Upon receiving the packet from switching node 500-15, switching node 501-15 examines the two
most significant bits of the network address field as shown in Fig. 8 and selects output 517 to transmit the
packet out. Before transmitting the packet, switching node 501-15 performs a left rotate operation on the
packet, resulting in the packet shown in Fig. 9. Upon receiving the packet of Fig. 9, switching node 502-12
responds to the network address field by transmitting the packet to trunk controller 130 via conductor 135.
Switching node 502-12 also performs the left rotate operation on the network address field. The packet that
is transmitted to trunk controller 130 via conductor 135 is identical to the packet shown in Fig. 9 with the
network address field rotated. Trunk controller 130 forms a new packet which is identical to that shown in
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Fig. 9 with the exception that the start bit, network packet length, destination trunk controller, source trunk
controller, control, and arrival time fields have been eliminated, a new CRC field has been calculated and
inserted, and the time stamp field has been updated. Trunk controller 130 then retransmits this new packet
on trunk 117.

It would be obvious to one skilled in the art to expand network 116 as shown in Fig. 5 to be capable of
terminating more trunks by the addition of more switching nodes. In addition, it would be obvious to one
skilled in the art to use such a switching network to correctly interconnect several pieces of digital
equipment such as computers or terminals. The other switching networks and concentrators shown in Fig.
1 and 2 are similar in design to switching network 116.

Switching node 500-15 is illustrated in greater detail in Fig. 10. The other switching nodes are identical
in design to switching node 500-15. The switching node consists of four input controls which can transmit
information to any one of four output controls. The input controis 1000 through 1003 are connected to the
output controls 1004 through 1007 via cables. For example, input control 1000 is connected to output
control 1007 via cable 1008. Cable 1008 comprises three conductors 1009, 1010, and 1011. The other
interconnecting cables on Fig. 10 are identical in design to cable 1008.

When input control 1000 has a packet to transmit to output control 1007, it transmits a request signal
via conductor 1010 to output control 1007. Input control 1000 continuously transmits this request signal
until the entire packet has been transmitted to output control 1007. When output control 1007 is free to
receive information from input control 1000, output control 1007 transmits a grant signal via conductor
1011 to input control 1000. Upon receipt of the grant signal, input control 1000 commences to transmit the
packet to output controt 1007 via conductor 1009.

For example, the packet shown in Fig. 7 would be transmitted through switching node 500-15 as
illustrated in Fig. 10 in the following manner. When input control 1000 recognizes the start bit, it has already
received not only the start bit but also the two most significant bits of the network address. Input control
1000 decodes the two most significant bits of the network address field and determines that the packet was
to be transmitted to output control 1007 via cable 1008. Input control 1000 requests permission to start
transmission via conductor 1010; and when output control 1007 returns the grant signal via conductor
1011, input control 1000 starts the transmission of the packet to output control 1007 via cable 1008. Before
transmitting the network address field, input control 1000 left rotates this address two bits so that the
network address transmitted is that shown in Fig. 8. Upon receipt of the start bit of the packet, output
control 1007 starts to retransmit this packet out on link 516.

input control 1000 of Fig. 10 is shown in greater detail in Fig. 11. Input circuit 1110 receives the
information from input terminai 515 and transmits to trunk controller 130 of Fig. 11 the link open signai via
input terminal 515 under control of controiler 1104. The function of the link open signai will be explained in -
a later section describing output control 1007. Input shift register 1100 is used to detect the start bit, which
indicates the beginning of a packet. In addition, input shift register 1100 is used to extract the network
packet length field, which is saved in length register 1102, and to extract the two most significant bits of the
network address field, which are saved in address register 1101. The buffer shift register 1103 is capable of
buffering one compiete packet. Buffer shift register 1103 provides an output after each 64 bits of storage.
These outputs can be selected by data selector 1105 under control of controller 1104 to bypass unused
portions of the buffer shifter register 1103. This bypassing is done when it is not necessary to buffer a
whole packet before transmission of the packet can start to the output circuit and is done to speed up the
transfer of a packet through input control 1000, Address rotation circuit 1106 performs the previously
mentioned left rotate operation on the network address field before this address is transmitted with the
remainder of the packet to the selected output control. Multiplexer 1107 under control of controller 1104
selects which of the cables 1008, 1012, 1013 or 1014 the data is to be transmitted on.

The operation of input control 1000 will now be further explained by using the previous example which
dealt with the transmission of the packet shown in Fig. 7. Input shift register 1100 is continuously being
clocked by system clock 161 via conductor 1111. As data is received via input terminal 515, it is clocked
through input shift register 1100. Once the start bit reaches bit position 10 of input shift register 1100,
controlier 1104 detects this bit and transmits a pulse on conductor 1113. This pulse causes length register
1102 to store the network packet length field, and causes address register 1101 to store the two most
significant bits of the network address field, which are contained in bit positions 0 and 1 of input shift
register 1100.

Controller 1104 transmits a request via conductor 1010 to output control 1007 since the most
significant address bits indicate that the packet is to be transmitted to this output control. While this request
is being made, data is being shifted from input shift register 1100 to buffer shift register 1103 which has a
number of output terminals. These output terminals are connected to different bit positions within buffer
shift register 1103. When controiler 1104 receives a grant signal from output control 1007 via conductor
1011, controller 1104 calculates at which output of buffer shift register 1103 the start bit of the packet is
approaching within buffer shift register 1103. This is done so that transmission of the packet to output
control 1007 can start as soon as possible. On the basis of this calculation, controlier 1104 controls data
selector 1105 to select the designated output of buffer shift register 1103. The control information is
transmitted to data selector 1105 via cable 1117. Data selector 1105 transmits the data from the selected
output to address rotation circuit 1106 via conductor 1116. Before transmitting data, controller 1104 resets
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address rotation circuit 1106 by transmitting the start of packet signal via conductor 1119. The controller
1104 then uses the packet length information stored in length register 1102, which it reads via cable 1120, to
determine when the end of the packet has entered the input shift register. When this occurs and
transmission has started from shift register 1103, controller 1104 transmits the link open signal via
conductor 1115. This signal is retransmitted via tri-state driver 1109 and input terminal 515 to input port
503-60. The iink open signal indicates that input control 1000 is now ready to receive another packet. This
function is explained in the section dealing with the output control circuit.

Address rotation circuit 1106 is illustrated in greater detail in Fig. 12. The purpose of circuit 1106 is to
rotate the address field to the left two bits so that the two most significant bits become the least significant
bits. The rotation is necessary because each input control decodes only the two most significant bits. Shift
registers 1200 and 1203 are two bit shift registers, data selector 1202 is used to select either the output of
shift register 1200 or shift register 1203, and control circuit 1209 controls the operation of the address
rotation circuit. When control circuit 1209 receives the start of packet signal from controller 1104 via
conductor 1119, it transmits a clock signal to shift register 1200 via conductor 1207, and to shift register
1203 via conductor 1205. This clock signal is derived from the signal received from system clock 161 via
conductor 1210. Control circuit 1209 conditions data selector 1202 via conductor 1208 to select shift register
1203's output to be transmitted on conductor 1118, Control circuit 1209 then counts the number of bits that
are being transmitted via conductor 1118; when the two most significant bits of the network address field
are contained within shift register 1203, control circuit 1209 ceases to transmit the clock signal to shift
register 1203 via conductor 1205, and conditions data selector 1202 to select the output of shift register
1200. Control circuit 1209 then waits until the remaining bits of the network address field have been
transmitted via conductor 1118. At this point in time, control circuit 1209 commences to send clock signals
to shift register 1203, and conditions data selector 1202 to select the output of shift register 1203. This
operation resuits in the most significant bits of the network address field being rotated. :

Qutput control 1007 is shown in greater detail in Fig. 13. Control circuit 1300 responds to requests from
input controls 1000 through 1003, which are transmitted via cables 1008, 1015, 1016, and 1017. If flip-flop
1301 is set, control circuit 1300 responds to the request by transmitting a grant signal back to the requesting
input control via one of the above mentioned cables. After acknowledging the request, control circuit 1300
conditions data selector 1303 to select the data conductor from the appropriate cable 1008, 1015, 1016, or
1017. Control circuit 1300 transmits the appropriate control information to data selector 1303 via cable
1308. Data selector 1303 transfers the data information received on the selected input terminal to conductor
1307. Tri-state device 1302 takes the information on conductor 1307 and transmits this data via link 516 to
input circuit 1305, which is part of switching node 501-15. Control circuit 1300 controls the output of tri-state
device 1302 via conductor 1308.

The operation of output control 1007 as shown in Fig. 13 will be explained. in greater detail by
considering the previous example of input control 1000 transmitting a packet of data to output controi 1007
via cable 1008. When input control 1000 transmits the request signal via conductor 1010, control circuit
1300 transmits the grant signal to input control 1000 via conductor 1011 if the link 516 is not being used by
one of the other input control circuits and the output of flip-flop 1301 is set. Assuming that flip-flop 1301
was set, control circuit 1300 transmits the grant signal to input control 1000 and conditions data selector
1303 via cable 1308 to select the data being transmitted on conductor 1009 and retransmit this data on
conductor 1307. In addition, control circuit 1300 enables the tri-state device 1302 to transfer the information
on conductor 1307 to link 516.

After input control 1000 has transmitted the entire packet, it removes the request signal from conductor
1010. Once the request signal is removed from conductor 1010, control circuit 1300 sends a reset signal to
flip-flop 1301 via conductor 1310 and stops transmitting signals via cable 1308 and conductor 1309. Once
the input control of the switching node 501-15 is capable of accepting another packet, it transmits the open
link signal via conductor 1308, tri-state device 1311, and link 516. The open link signal sets flip-flop 1301 via
the S input. Once flip-flop 1301 is set, control circuit 1300 can once again respond to request signals from
the input controls.

Trunk controller 131 is shown in greater detail in Fig. 14. The other trunk controllers are similar to trunk
controller 131. Trunk controller 131 receives packets from trunk 118 via receiver 1402, and transmits
packets to trunk 118 via transmitter 1403. Trunk 118 is illustratively a telephone digital transmission facility
with a data transmission rate of 1.544 Nb/s as described in Boyle, Colton, Dammann, Karafin, and Mann,
“Transmission/Switching Interfaces and Toll Terminal Equipment”, 56 The Bell System Technical Journal
1057, 1058 (1977). Receiver 1402 and transmitter 1403 are interfaced to the DSX-1 unit shown in Fig. 1 on
page 1058 of the cited article. Trunk controller 131 transmits packets to switching network 116 via output
circuit 1405, and receives packets from switching network 116 via input circuit 1406. Switch interface 1418
interfaces the input and output circuits to the switch network. Packets are transferred in and out of four
¢ircular buffers in memory 1401 via address control 1404. Address control 1404 contains pointers to the
circular buffers that allow input circuit 1406, output circuit 1405, transmitter 1403, and receiver 1402 to read
and write memory 1401. '

Consider an example where normal data packets are transferred from trunk 118 to switching network
116. Incoming packets, similar to those shown in Fig. 3, are received by receiver 1402 in a serial fashion at a
1.544 Mb/s rate. Receiver 1402 adds the arrival time to the packet, and transforms the serial information
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into a byte. Once it has assembled a byte, it transmits a write request, via control bus 1408, to address
control 1404, Receiver 1402 then writes the byte into memory 1401 via data bus 1407 and address control
1404. The location in memory 1401 that the byte is written into is designated by the address pointers
associated with receiver 1402, This process continues until receiver 1402 has transferred an entire packet
into memory 1401. After receiver 1402 has transmitted an entire packet, it transmits an end of packet signal,
via control bus 1408, to address control 1404. Address control 1404 then transmits a packet available signal,
via control bus 1412, to output circuit 1405. This packet available signal is transmitted as long as there is a
complete packet in memory 1401.

Qutput circuit 1405 reads the packet stored in memory 1401 by making sequential read requests to
address control 1404 via controi bus 1412. Address control 1404 maintains a pointer then determines which
word in memory 1401 is associated with the packet to be transmitted into the network via output circuit
1405. Qutput circuit 1405 access and transmits packets at an 8 mb/s rate. In order to transmit packets to
switching network 116, output circuit 1405 forms packets similar to those shown in Fig. 6. It does this by
using the logical address field from the original packet to address the logical translation table, and
calculating the packet length field. In addition, output circuit 1405 calculates a new CRC field, updates the
control field, and adds a start bit. These operations are done in a serial fashion; however, an entire packet
does not need to be buffered.

Consider another example where packets are transferred from switching network 116 to trunk 118.
Packets from switching network 116 are received by input circuit 1406 via swiich interface 1418. Input
circuit 1406 forms this data into bytes. It then sends a write request via control bus 1414, and sends the
packets via data bus 1413 to address control 1404. Address control 1404 writes the information into
memory 1401, via memory address bus 1417, memory data bus 1415, and memory control bus 1416. When
an active packet has been stored in memory 1401, input circuit 1406 transmits an end of packet signal to
address control 1404 via control bus 1414. Address control 1404 then transmits a packet available signal to
transmitter 1403 via control bus 1410. Transmitter 1403 makes a read request to address control 1404, and
receives the packets via data bus 1409. Transmitter 1403 transforms the packets into packets similar to
those in Fig. 4, and transmits them to trunk 118 at a 1.544 Mb/s rate. Transmitter 1403 also performs error
checking, and recalculates the CRC field. In addition, transmitter 1403 updates the time stamp field of the
packet. it does this by subtracting the arrival time from the present time, and adding this difference to the
time stamp field.

Trunk controller 131 handles a variety of packets that are used for various purposes. These packets can
be divided into the following general categories: normal data packets, trunk and switch test packets,
maintenance read and write packets, and memory read and write packets. The types of packets are
distinguished by different values in the packet identifier or control fields, Normal data packets carry data
and signaling information between the trunk and switching network. These are the most common packets.
Trunk test packets are used to test a trunk, including the two trunk controllers, and the actual trunk facility.
This is done as follows. The test packet is formed by the associated central processor, and sent to the first
trunk controller via the switching network. The first trunk controller performs a check on the CRC field of the
packet to determine if any errors occurred during the transmission. If an error is found, the first trunk
controller aborts the test packet; if no errors are found, the first trunk controller sends the test packet to the
second trunk controller via the trunk facility. When the second trunk controller receives the test packet, it
performs the same CRC check and, if no errors are found, loops the packet back to the first trunk controller,
which then sends the packet back to the central processor, via the switching network. The central processor
detects that a transmission error has occurred by noting that the test packet is not looped back after a
period of time has elapsed. Switch test packets are used to test a path within the switching network. A
switch test packet as sent by the central processor to a trunk controller through the switching network. The
trunk controller relays the packet to a second trunk controller {specified in the packet), which then returns
the packet to the central processor. Maintenance packets are used to send maintenance information, such
as error statistics, between a trunk controlier and its associated central processor. In a maintenance read
operation, the central processor sends a maintenance read packet to the trunk controller. The trunk
controller reads the information and writes it into the packet; it then returns the packet to the central
processor. In a maintenance write operation, the central processor sends a maintenance write packet to the
trunk controller. The trunk controller writes the information from the packet into the maintenance register,
and then reads the same information out of the maintenance register. The information read out is placed in
the maintenance write packet and sent back to the central processor. Memory packets allow the central
processor to read and write information from specified memory locations. These packets work similarly to
maintenance packets, with the exception that memory locations, and not the maintenance register, are
read and written.

Fig. 15 illustrates the four packet buffers, and logical channel translation table contained in memory
1401. Packets arriving from receiver 1402 are written into either receive buffer 1501 or trunk test buffer
1502. Trunk test buffer 1502 is reserved for test packets that are to be looped back over the trunk. All other
arriving packets are sent to receive buffer 1501. Packets arriving from input circuit 1406 are written into
either transmit buffer 1503 or switch test buffer 1504. Transmit buffer 1503 is for packets that are to be
transmitted on the trunk via transmitter 1403. Switch test buffer 1504 is for switch test packets, and for
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memory read and write packets. Logical translation table 1505 contains the logical to physical address
translation information received from the central processor via memory write packets.

The reading and writing-of the circular buffers in memory 1401 is controlled by read and write pointers,
located in address control 1404. These read and write pointers point to the specific memory locations
within the various buffers. Read or write pointers are provided for receiver 1402, transmitter 1403, input
circuit 1406 and output circuit 1405. These pointers are used to read or write the various circular buffers,
depending on the circuit. The structure is as follows: Receive circuit—receive buffer and trunk test buffer
write pointers; output circuit—receive buffer and switch test buffer read pointers; input circuit—transmit
buffer and switch test buffer write pointers; transmit circuit—transmit buffer and trunk test buffer read

ointers.

P In addition to the various read and write pointers, address control 1404 also contains temporary
pointers. Receiver 1402 has access to one temporary pointer, which is used to save the value of the write
pointer. At the beginning of each packet write operation, the temporary pointer is set to the same address
as the write pointer. If an error is discovered while the packet is being written, the write pointer is set back
to the address of the temporary pointer. In this way, the packet containing an error is overwritten,
effectively discarding it. Input circuit 1406 has access to two temporary pointers. One is used to save the
value of the write pointer. The other temporary pointer is used during memory write operations, and will be
discussed later. Output circuit 1405 has access to one temporary pointer, which is used during memory
read operations.

The following description shows the packet flow of an ordinary data packet from the trunk to the switch
network. Receiver 1402 receives trunk packets, and pads the trunk packets with zeroes, in order to provide
space in the packet to transform the trunk packets into switch packets. Once receiver 1402 has done this, it
makes a write request to address control 1404, in order to write the packet into receive buffer 1501 in
memory 1401. Address control 1404 receives the write request and makes the receive buffer write pointer
available. Receiver 1402 then writes the packet into receive buffer 1501 at the address specified by the write
pointer. Address control 1404 then sends a packet available signal to output circuit 1405, causing output
circuit 1405 to send a read request to address control 1404. Address control 1404 makes the receive buffer
read pointer available, allowing output circuit 1405 to read receive buffer 1501 at the address specified by
the read pointer. Output circuit 1405 reads the packet, modifies the necessary fields to convert the trunk
packet into a switch packet, performs the necessary logical to physical address translation, and sends the
packet to the switching network. The logical to physical address translation involves reading the logical
translation table in memory 1401, and updating the required packet fields:

The packet flow of an ordinary data packet from the switch network to the trunk is as follows. The
packet is received from the switching network via switch interface 1418, and.is sent to input circuit 14086.
Input circuit 1406 makes a write request to address control 1404, in order to write the packet into transmit
buffer 1503 in memory 1401. Address control 1404 receives the write request and makes the transmit buffer
write pointer available. Input circuit 1406 then writes the packet into transmit buffer 1503, at the address
specified by the write pointer. Address control 1404 then sends a packet available signal to transmitter
1403, causing transmitter 1403 to send a read request to address control 1404. Address control 1404 makes
the transmit buffer read pointer available, allowing transmitter 1403 to read transmit buffer 1503 at the
address specified by the read pointer. Transmitter 1403 makes a read request to address controller 1404, in
order to read the packet from transmit buffer 1503. Once transmitter 1403 has read the packet, it removes
the header information from the packet, which transforms the packet into a trunk packet. Transmitter 1403
then transmits the packet on the attached trunk.

Trunk test packets are received by receiver 1402 from the trunk. They are written into trunk test buffer
1502 in memory 1401, using the trunk test buffer write pointer in address control 1404. This operation is
similar to the operation of the receive buffer write pointer. Transmitter 1403 then makes a read request to
address control 1404, in order to read trunk test buffer 1502, using the trunk test buffer read pointer. Once
transmitter 1403 has read the test packet, it transmits it back to the trunk. Switch test packets are processed
in a similar manner. They are received by input circuit 1406, which writes then into switch test buffer 1504
in memory 1401, using the switch test buffer write pointer. Output circuit 1405 then reads switch test buffer
1504, using the switch test buffer read pointer in address control 1404. Once it has read the packet, it sends
it to the specified trunk controller via the switch network.

Memory write packets are used to write information into memory 1401. This information includes the
logical to physical address translations, which are written into logical translation table 1505. Memory write
packets are originated by the central processor, and are sent to input circuit 1406, which writes part of the
packet into switch test buffer 1504, and part of the packet into logical translation table 1505, both located in
memory 1401. The portion of the memory write packet that is written into switch test buffer 1504 is written
via the switch test buffer write pointer; the portion of the packet that is written into logical translation table
1505 is written via the second input circuit temporary pointer, both located in address control 1404. Output
circuit 1405 then reads the information stored in switch test buffer 1504, and reads the logical translation
information. It then assembles these two portions of data into a packet that is identical to the original
memory write packet, and transmits this packet back to the central processor.

Memory read packets are originated by the central processor, and are used to allow the central to read
portions of memory 1401. The incoming memory read packet contains the memory address, and the
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number of bytes to be read. Output circuit 1405 reads memory 1401 at the address specified in the packet,
and inserts the number of bytes specified into the memory read packet. It then returns the packet
{containing the requested data) to the central processor.

Trunk and switch packets are further described with respect to the fields contained in each of these two
packet types. The actual packet manipulation and conversion details are described later. Trunk packets
carry data and maintenance information between the trunk equipment and the trunk controllers. The
format of a typical trunk packet is shown in Fig. 3. An explanation of the fields is given in the following
paragraphs.

The flag field is a unique bit pattern {01111110) used to identify the beginning and end of a packet. The
packet identifier (PID) field determines whether the packet is for signaling, testing, or the transmission of
normal data. A ““0” in this field indicates a signaling packet used for call set-up. As previously described,
this packet is routed through all central processors along the path, in order to establish the path that ali
subsequent packets will take for the duration of the call.

A PID field of 1" indicates a signaling packet that sends signaling information over a path that has
already been established. This packet type is read only at the terminating central office.

A PID field of “2” or 3" is a test packet, which is used to test a trunk in the network. The originating
central processor sends a test packet to one of its trunk controllers, via the switching network. This packet is
indicated by a PID field of ““2"”. The packet is transmitted by the first trunk controller over the trunk to a
second trunk controller. Since the PID field is a “2", the second trunk controller changes the field from a *“2"
to a “3” and loops the test packet back to the first trunk controller over the trunk. The first trunk controller
receives the packet, and reads the PID field. Since the PID field is a ““3", the first trunk controller returns the
packet to the central processor.

A PID field of “8" through "*11” identifies the packet as one carrying normal data. The ascending order
of numbers indicates levels of flow control. An 8" indicates no flow control. The numbers 9" through
11" indicate increasing leveis of flow control. When flow control increases, the originating office sends the
packets out with a greater amount of time in between. This is to prevent system overload due to increased
traffic.

A PID field of “12"” indicates a datagram. This is a single packet that carries a complete message. A
datagram is routed as follows. A datagram is created by the central processor associated with the terminal
equipment sending the datagram. The datagram is then routed to each central processor in the network
that the datagram passes through. Each central processor reads the logical address field of the datagram to
determine the next central processor to which the datagram is sent. Once the datagram reaches the
destination central processor, the destination central processor routes the datagram to the destination
customer’s terminal equipment. The address information is not retained because a path is not required to
send additional packets.

The logical address field is used to derive the address of the destination trunk controller. This is done
by the current trunk controller using the logical address to index logical translation table 1505 contained in
memory 1401. Logical translation table 1505 contains the number of the next trunk controlier and the new
logical address. The current trunk controller inserts the new logical address into the packet’s logical
address field and then routes the packet. The time stamp field carries the accumulated time that it takes for
the packet to travel through the switch system. This field is updated in conjunction with the arrival time
field, which is inserted when the packet is first received from the trunk. When the destination trunk
controller receives a packet, it calculates the difference between the arrival time and the present time, in
order to update the time stamp field. The data field contains the actual data, or information, that the packet
is to carry. In addition, this field carries certain high level protocoi information. The cyclic redundancy code
(CRC) field is used for error detection. This field is generated by the transmitting trunk controiler, and tested
by the destination trunk controller, in order to determine if the packet contains errors.

Switch packets carry data and maintenance information within the switching network. The format of a
typical switch packet is shown in Fig. 6. A data type switch packet contains all the fields contained in a trunk
packet, and in the same order. The one exception is the two flag fields, which are not contained in the
switch packet. Also, the CRC field is recalculated and checked at several stages of the transformation
process from trunk packets to switch packets. An explanation of the fields unique to switch packets is
provided in the following paragraphs.

The packet length field is the total length of the packet, in bytes. This field is computed by receiver
1402. The destination trunk controller (DTC) and source trunk controller (STC) fields are used for packet
routing. The DTC is the address of the destination trunk controller and is obtained from logical translation
table 1505. The STC field is the address of the trunk controller that is presently handling the packet.

As given in the following Table 1, the control field, CNTL, defines the type of switch packet.
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TABLE

Switch packet type

Cntl. Explanation
0 Standard data packet
1 Maintenance read packet
2 Maintenance write packet
3 Memory read packet
4 Memory write packet
5 Test packet—routed to first trunk controiler
6 Test packet—routed to second trunk controller

Standard data packets carry the information contained in data type trunk packets (packet identifier of
“g", 9", 10", or “11”}, as well as signalling and datagram packets (packet identifier of “0", 1", or **12")
through the switch network. These packets are transformed back to trunk packets by the next trunk
controller in the network, and then transferred back to switch packets, as required, for transmission
through subsequent switch networks. Maintenance information is transmitted through the system with
maintenance write and maintenance read packets. These packets give the central processor the ability to
read and write maintenance information into the trunk controller. This maintenance information includes
error and control information. A maintenance write packet is generated by the central processor and is sent
to the appropriate trunk controller. Once this packet arrives at the trunk controller, the trunk controller
examines the control field, determines that it is a ‘2" (indicating a. maintenance write) and writes the data
portion of the packet into maintenance register 3101 in switch interface 1418.

When the trunk controller receives a switch packet with at “1” in the control field, it performs a
maintenance read operation. The data in the maintenance register is read, and stored in the data portion of
a packet. The packet is then transmitted to the originating central processor.

Switch packets ar also used to read and write the memory portion of the trunk controller. In a memory
write operation, the switch packet’s control field is a ““3". Input circuit 1406 receives the packet from the
central processor, writes the data portion into the requested location in memory 1401, and writes the rest of
the packet into switch test buffer 1504. Output circuit 1405 reads the data from the specified location in
memory 1401, and reads the remainder of the packet from switch test buffer 1504. It then assembles a new
packet from these two segments, and transmits the new packet back to central processor 115 via switching
network 116.

A test packet is a type of switch packet that can route test data through two trunk controllers, before
routing the packet back to the central processor. When the test packet arrives at the first trunk controller,
the control field is set-to “5”. This indicates that the packet is to be routed to a second trunk controller
before being returned to the central processor. Before leaving the first trunk controller, output circuit 1405
changes the control field from a 5" to a /6", and then sends the packet to the second trunk controller, The
address of the second trunk controller is specified in the data field. After the second trunk controller
receives the test packet, it reads the control field. Since the field is a /6", the second trunk controller routes
the packet directly to the central processor.

The main function of receiver 1402 is to convert trunk packets, received from the trunk side of the
network, into switch packets, which are then transmitted through the switching part of the network. The
conversion consists of (1) removing the start and end flag fields, and (2) adding fields at the beginning of
the packet. The transformation also requires that the CRC field be recalculated. The added fields are as
follows. The first two added fields, destination trunk controller and source trunk controller are filled with
zeroes. The actual source and destination trunk controller values are added by output circuit 1405 after it
reads the packet from receive buffer 1501. The next added field is the control field. The last added field is
the arrival time field. This field is filled in with the actual time that the packet arrives at receiver 1402, and is
used by the destination trunk controller to update the time stamp field.

During packet conversion, the destination trunk controller, source trunk controller and control fields
are initialized to zero. The arrival time field is initialized to the arrival time of the packet (expressed as a
negative number). The packet identifier field is unchanged, with one exception: if the packet identifier field
of the incoming packet is a ‘2", indicating a test packet, it is changed to a 3", indicating a trunk test packet
that is returning. As already mentioned, the CRC field is updated; however, the updating process has this
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complication: the CRC field is computed as though the packet length field contained all zeros, and the
actual length of the packet was contained in a separate field between the data and CRC fields. The reason
for this is because the length of the packet is being computed as the packet comes in, and is not known until
the entire packet is received.

Receiver 1402 is shown in greater detail in Fig. 16. Receiver 1402 comprises flag removal and bit
unstuffing circuit 1601, packet reformatter 1602, and serial to parallel converter 1603. Flag removal and bit
unstuffing circuit 1601 removes the 01111110 flag pattern at the beginning and end of the trunk packet.

Additionally, this circuit removes bits that were stuffed into the bit stream by transmitter 1403. This
process is explained later. Packet reformatter 1602 adds zeroes to the packet. These zeroes serve as place
holders for the fields added during the packet transformation. In addition, this circuit fills in the arrival time
of the packet, and updates the packet identifier field, as required.

The trunk packets are received by flag removal and bit unstuffing circuit 1601 on conductor 1604, This
circuit detects the start and end points of each packet by detecting the presence of the start and stop flags
contained in the packet. Once the flags are detected, they are removed. In addition, this circuit performs bit
unstuffing. Bit unstuffing is the removal of bits that were placed in the bit stream to ensure that the flag
pattern does not occur at any place other than the start and end of the packet.

Flag removal and bit unstuffing circuit 1601 sends the packets to packet reformatter 1602 via conductor
1605. A signal is placed on conductor 1606 when the packet first arrives at packet reformatter 1602. This
signal remains as long as the packet is being processed. A similar signal is present on conductor 1609
during the time that the packet is being transferred from packet reformatter 1602 to serial to parallel
converter 1603. A ““1” is placed on conductor 1607 during every clock pulse that conductor 1605 contains
data. Packet reformatter 1602 receives the trunk packet from 1601 and adds the appropriate fields to allow
the forming of a switch packet. In addition, this circuit performs error detection, and modifies the PID field
as required.

Error detection is done by checking the CRC field of each incoming packet. If an error is detected, 1602
transmits an error signal to 1603 via conductor 1612, which causes the packet containing the error to be
aborted. Packet reformatter 1602 also detects hardware errors. If a hardware error is found, it is indicated
by a signal on conductor 1626.

The PID field modification performed by 1602 is with respect to trunk test packets. An incoming test
packet has a PID of “2"; 1602 changes the field to a *“3". Additionally, when a test packet is received, 1602
causes conductor 1611 to go high. This causes serial to parallel converter 1603 to write the contents of the
test packet into trunk test buffer 1502. Packet reformatter 1602 is_fully duplicated and thus is capable of
doing fault detection of itself.

Flag removal and bit unstuffing circuit 1601 is shown in greater detail in Fig. 17. This circuit does flag
removal and bit unstuffing. Flag removal is performed as follows. A flag pattern of 01111110 is
continuously sent over conductor 1604 whenever the trunk is idle. This 8-bit pattern is read into register
1701. At the same time that register 1701 is receiving the bit pattern, register 1702 is receiving a steady
stream of "1’s”’ at the same bit rate. After a complete 8-bit flag pattern is received, register 1702 is cleared
via a “1"" on the output of AND gate 1706, which decodes the presence of the flag pattern. This prevents the
"1's", which are being clocked into register 1702, from being sent out of register 1702. The ““1’s” coming
out of register 1702 are routed to AND gate 1714 and register 1705. When ““1's" are present, actual data is
allowed to flow out of register 1701, and conductor 1607 is activated to signal this actual data.

After a flag pattern from an actual packet is clocked into register 1701, the subsequent bits are actual
packet contents rather than the flag pattern. After eight bits of actual data have been clocked into register
1701, AND gate 1706 does not clear register 1702 because the AND gate is not detecting the flag pattern,
This causes register 1702 to send a continuous stream of “1's” to one input of AND gate 1714. The other
input of AND gate 1714 is receiving the actual packet contents from register 1701. AND gate 1714 is thus
enabled by the “1's” coming out of register 1702. Because of the enable signal, the contents of register
1701 are ailowed to be shifted into register 1703. Thus, the output of AND gate 1714 is 1"’ only when the
actual packet contents contain a “1”. In this way, the packet contents minus the flags are shifted through
register 1703 and are sent to packet reformatter 1602 via conductor 1710.

Bit unstuffing is required because whenever transmitter 1403 detects five sequential “1's”, it always
stuffs a *“0”’. This is so that the packet data never contains the flag pattern. These stuffed zeros are removed
by flag removal and bit unstuffing circuit 1601 after the flags have been removed. Bit unstuffing is done as
follows. The packet data coming out of AND gate 1714 still contains the stuffed ““0's". If a pattern of 11111 is
clocked into register 1703, the next bit has to be a stuffed bit, which must be removed. This 11111 pattern
causes the output of NAND gate 1718 to go to ‘0" during the one bit time that the stuffed 0" is in the first
position of register 1703. This 0" is shifted through register 1704 at the same time that the actual packet
data is shifted through register 1703. When the “0” in register 1704 reaches the input of AND gate 1708,
conductor 1606 goes to “0” for that one clock pulse that the stuffed “0" is present in register 1703.
Conductor 1606 is the bit present indicator, which is passed to packet reformatter 1602. Since the bit
present signal is absent for any clock puise that a stuffed ‘0" is contained in register 1703, the stuffed 0" is
removed.

Packet reformatter 1602 is shown in greater detail in Fig. 18. This circuit performs the actual packet
transformation. This circuit comprises CRC circuits 1801 and 1804, packet reformat circuits 1802 and 1805,
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and comparator 1803. The CRC and packet reformat circuits are duplicated because during the reformatting
process the CRC check cannot accurately detect errors within the circuit. The CRC circuits check the CRC
field of the incoming packet and then remove it. The packet reformat circuits do the actual packet
transformations and calculate the new CRC field. Comparator 1803 compares the reformatted packets from
packet reformat circuits 1802 and 1805. If the packets do not match, a fault is present in the packet, and is
indicated by a FLTR signal on conductor 1626. This FLTR signal is sent to switch interface 1418, and then to
the central processor, which then takes corrective action.

Packet reformat circuit 1802 is shown in greater detail in Fig. 19. This circuit comprises pad circuit 1901,
which adds blank fields to the incoming trunk packet to be used to form a switch packet by later circuits;
arrival time circuit 1902, which calculates and fills in the packet arrival time; PID circuit 1903, which updates
the PID field if required; length circuit 1904, which calculates and fills in the packet length; and CRC circuit
1905, which calculates the CRC field of the packet.

Pad circuit 1901 is shown in greater detail in Fig. 20. This circuit pads 56 zeroes at the beginning of the
incoming packet, and pads 24 zeroes at the end of the packet. These zeroes serve as place holders for the
fields that are added by the succeeding circuits. Pad circuit 1901 receives both psi and phi clock pulses from
system clock 161. The phi pulses are five times faster than the psi pulses, as shown in Fig. 54. The phi clock
pulses are required to place the zeroes at the beginning of the packet.

Pad circuit 1901 receives data, data present, and bit present signals on conductors 1814, 1815, and
1816. These signals pass through operated AND gates 2006 through 2008, and are shifted into registers
2001 through 2003. Registers 2001 through 2003 shift data through at the psi clock rate through operated
AND gate 2010 and OR gate 2011. The first pulse on conductor 1815 activates control 2004 via conductor
2031. When control 2004 is activated, it activates counter 2005, and pad conductor 2027, Conductor 2027
pads 56 zeroes to the beginning of the packet via AND gate 2019 and flip-flop 2024. Counter 2005 counts the
clock pulses and signals control 2004 via AND gate 2030 to disable conductor 2027 after 56 pulses. The
zeroes are padded at the phi clock rate; this allows the zeroes to be padded at the beginning of the packet
before the actual packet data is shifted out of register 2001. When the data, data present and bit present
signals are shifted out of registers 2001 through 2003 they are converted from 1.544 to 8 Mb/s, via gates
2013, 2014, 2016, and 2034, and flip-flop 2015. When the last 16 bits of the packet are in register 2001
{signalled by conductor 2031 being disabled), control 2004 activates conductor 2032, This causes the last 16
bits in registers 2001 through 2003 to be shifted through at the phi clock rate, via operated AND gate 2012
and OR gate 2011. Additionally, this signal disables AND gates 2006 through 2008, via inverter 2009. The
purpose of this is to prevent the next packet from beingshifted into padcircuit 1901 until the existing packet
is shifted through. After the end of the packet is shifted out of register 2001, control 2004 enables conductor
2027 for 24 clock pulses, causing 24 zeroes to be padded to the end of the packet.

Arrival time circuit 1902 is shown in greater detail in Fig. 21. This circuit places the arrival tlme of the
packet into the arrival time field. The arrival time is calculated as a negative, rather than positive, value. By
running the clock in reverse, the arrival time can be added to the present time, avoiding the need to
complement, as described later in the description of transmitter 1403. Arrival time circuit 1902 comprises
counters 2101 and 2103, shift register 2102, control 2104, and flip-flops 2109 through 2111. Counter 2101
maintains the current time through external tick and sync pulses from system clock 161. Counter 2103
counts the number of bits in the incoming packet in order to determine where the arrival time field is. When
a packet arrives, it is indicated by a signal on conductor 1907; this signal is sent to control 2104 via
conductor 2105. When control 2104 receives this data present signal, it signals counter 2103, via conductor
2113, to begin counting incoming bits. Additionally, control 2104 places a signal on conductor 2112, This
signal causes the contents of counter 2101 to be loaded into shift register 2102. The effect of this is to load
the arrival time of the packet into shift register 2102. The arrival time field is in bit positions 48 through 55 of
the packet. This field had been previously filled with zeroes by pad circuit 1901. When counter 2103 reaches
48, it signals control 2104 via AND gate 2118. Control 2104 then places a signal on the input of AND gate
2115, causing AND gate 2115 to operate. When AND gate 2115 operates, it causes shift register 2102 to shift
its contents out to flip-flop 2109, via AND gate 2116 and OR gate 2117. Flip-flops 2109 through 2111 then
transmit the information received on their D inputs onto conductors 1909 through 1911, at the phi clock
rate.

PID circuit 1903 is shown in greater detail in Fig. 22. PID circuit 1903 reads the PID field of incoming
packets and determines the packet type. If the incoming packet is a datagram, a signal is placed on
conductor 1918. If the incoming packet is a test packet, a /3" is placed in the PID field, and a signal is placed
on conductor 16711. An incoming packet arrives on conductor 1909. Conductor 1910 receives a steady
stream of “1's” as long as the packet is being received. Conductor 1911 receives a “1”’ during each bit time
that a valid bit is present on conductor 1909. The first /1" on conductor 1910 causes counter 2203 to count
valid data bits by counting the bits on conductor 1911, through AND gate 2204. When counter 2203 reaches
59, it operates AND gate 2213, which signals control 2205. Control 2205 then places an enabie signal on
conductor 2214. During this 53th bit time, the least significant bit of the PID field is on conductor 1909, and
the three most significant bits of the PID field are stored in shift register 2201. The data on conductor 1909
and in shift register 2201 operates either AND gate 2207 or 2206. If the data is a binary “12", indicating a
datagram, AND gate 2206 operates, causing a signal to be placed on conductor 1918. If the data on
conductor 1909 and in shift register 2201 are a binary 2" or ‘3" indicating a test packet, AND gate 2207
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operates, causing a ‘3" to be placed in the packet identifier field. If the data on conductor 1909 and in shift
register 2201 are a binary 2", AND gate 2209 is also operated, resulting in the packet being stored in trunk
test buffer 1502. Flip-flops 2210 through 2212 keep the output data on conductors 1912 through 1914 in
sync, via clock pulses from system clock 161.

Length circuit 1904 is shown in greater detail in Fig. 23. Length circuit 1904 counts the number of bytes
in incoming packets, and places the byte count at the end of the packet. Additionally, length circuit 1904
places a length error signal on conductor 1919 if the packet received exceeds 150 bytes. Incoming data,
data present indication, and bit present indications are received on conductors 1912 through 1914, and are
shifted into shift registers 2301 through 2303. When data first appears on conductor 1912, “1's" also appear
on conductor 1913, indicating that data is present. The first /1" on conductor 1913 causes control 2307 to
start counter 2304, via OR gate 2310. Counter 2304 counts the incoming bit present signals on conductor
2315, in order to determine the number of bytes in the packet. When conductor 1913 goes to /0", the entire
packet has been counted by counter 2304. The “’0’" on conductor 1913 causes the contents of counter 2304
to be loaded into shift register 2305. This is done by control 2307 placing a load signal on conductor 2316.
One bit time later control 2307 enables shift conductor 2317, causing the contents of shift register 2305 (that
is, the byte count) to be shifted into the packet through AND gate 2311 and OR gate 2318. This places the
length count of the packet at the end of the packet. When control 2307 enables shift conductor 2317, it aiso
enables counter 2306. When counter 2306 reaches eight, it signals control 2307, which disables shift
conductor 2317. When counter 2306 reaches 24, the entire packet has been shifted through length circuit
1904. Packets fonger than 150 bytes exceed the maximum packet length. These excessively long packets
are detected by comparator 2308, which indicates them by placing a signal on length error conductor 1919.
This length error indication causes the packets to be discarded. Flip-flops 2312 through 2314 perform the
same function as flip flops 2210 through 2212 in PID circuit 1903.

Serial to paraliel converter circuit 1603 is shown in greater detail in Fig. 24. Serial to parallel converter
1603 comprises buffer 2401 and address control interface 2402. Buffer 2401 receives data, data present and
bit present indications from packet reformatter 1602. Buffer 2401 transforms the incoming data into bytes,
and sends the bytes to address control 1404 via cable 2720. Address control interface 2402 signals where
the information on cable 2720 is to be written by signals on conductors 2721 through 2727. Conductors
2721 through 2723 are write commands for receive buffer 1501, trunk test buffer 1502, and the temporary
pointer, respectively. Conductors 2726 and 2727 set the temporary pointer equal to either the receive buffer
or trunk test buffer write pointers, and conductors 2724 and 2725 set the receive buffer or trunk test buffer
write pointers equal to the temporary pointer.

Buffer 2401 is shown in greater detail in Fig. 25. Buffer 2401 performs the actual serial to parallel
conversion. Incoming data, data present indications, and bit present indications are received on conductors
1608, 1609, and 1610. The incoming data is buffered by shift registers 2501 and 2504, the data present
indication is buffered by shift registers 2502 and 2505, and the bit present indications are buffered by shift
registers 2503 and 2506. As data bits are shifted through register 2504, they are assembled into bytes by
shift register 2507. Counter 2509 counts the incoming bit present signals to determine when a complete
byte has been assembled. When a byte has been assembled, the byte is ioaded into output register 2508,
via a signal from AND gate 2510. Additionally, AND gates 2510 and 2511 set flip-flop 2512, which puts a
data present signal on conductor 2404. This data present signal is an indication to address control interface
2402 that a byte is ready to be sent. After the byte has been sent, address control interface 2402 places a
signal on conductor 2403 to acknowledge receipt of the byte. This signal resets flip-flop 2512.

Address control interface 2402 is shown in greater detail in Fig. 26. Address control interface 2402
controls the writing of receive buffer 1501 and trunk test buffer 1502, located in memory 1401. Flip-flop
2605 controls the discarding of packets that contain errors, or that must be discarded because a buffer has
overflowed. Flip-flop 2608 selects whether data will be written into receive buffer 1501 or trunk test buffer
1502. Buffer 2401 indicates that it has assembled a byte by placing a signal on conductor 2404. This signal
causes control 2601 to set flip-flop 2605 to 1", via a signal on conductor 2631. When fiip-flop 2605 is set to
“1”, AND gate 2610 operates, which operates AND gates 2611, 2612, 2614, and 2615. If buffer 2401 is
transmitting a test packet, packet reformatter 1602 piaces a signal on conductor 1611. This signal sets
flip-flop 2608, which causes AND gates 2622 through 2625 to operate. This action causes the packets to be
written into trunk test buffer 1502. If the packet in buffer 2401 is not a test packet, flip-flop 2608 is reset to
“0". This operates AND gates 2616 through 2619, via inverter 2621. When these AND gates operate, packets
are written into receive buffer 1501.

Address control 1404 is shown in greater detail in Fig. 27. Address control 1404 is used to allow
transmitter 1403, receiver 1402, input circuit 1406 and output circuit 1405 to read and write the appropriate
portions of memory 1401. Address control 1404 consists of receive interface 2701, output interface 2703,
transmit interface 2711, input interface 2713, and memory interface 2702. Additionally, the circuit contains
full/lempty circuits 2704, 2707, 2708, and 2712; as well as flip-flops 2705, 2706, 2709, and 2710. Timer 2714
controls when receiver 1402, transmitter 1403, output circuit 1405 and input circuit 1406 can access the
buffers in memory 1401, by sequentially enabling conductors 2760 through 2763. The full/empty circuits
are used to detect buffer overflow and empty conditions; the flip-flops are used to indicate when data is
present in the respective buffers. Address control 1402 operates at the theta clock rate from system clock
161.
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Receive interface 2701 receives write requests from receiver 1402 on conductors 2721 through 2727; it
receives the data from receiver 1402 on cable 2720. Receive interface 2701 responds to these write requests
by making either the receive buffer write pointer, trunk test buffer write pointer, or temporary pointer
available for writing the data into memory 1401. For example, a signal on conductor 2722 causes receive
interface 2701 to write the data into receive buffer 1501, at the address pointed to by the receive buffer write
pointer. After the data has been written, the receive buffer write pointer is incremented; this new address
and the address plus one are sent to receive buffer full/lempty circuit 2704. When receive buffer full/lempty
circuit 2704 detects that receive buffer 15601 is empty, it resets flip-flop 2705, causing the data present signal
to be removed from conductor 2738. If receive buffer fuil/empty circuit 2704 detects that receive buffer 1501
is overfilled, it sends an overload in receive buffer indication on conductor 2728. A signal on conductor
2722 causes the data on cable 2720 to be written into trunk test buffer 1502. The circuit action is similar to
that of writing receive buffer 1501, except that trunk test buffer full/empty circuit 2707 resets flip-flop 2706
when trunk test buffer 15602 is empty, and it indicates that trunk test buffer 1502 is overfilled via a signal on
conductor 2729.

The temporary pointer is used for writing the packet length into the length field, and for aborting
packets that contain errors. The temporary pointer must be used to write the length because the length field
is at the beginning of the packet, and the actual length of the packet is not known until most of the packet
has been written into the buffer. The actual length is inserted into the packet in the following manner. The
temporary pointer is set equal to the write pointer, and the write pointer starts to write the packet into the
buffer. When the packet length (which had been placed near the end of the packet) is ready to be written, it
is written using the temporary pointer. Since the temporary pointer had been set equal to the write pointer,
it is pointing to the location of the length field. In this way, the actual packet length is written into the length
field of the packet.

If an error is detected in the packet, the packet is aborted. This is accomplished by receiver 1402 pulsing
conductor 2724, which directs receive interface 2701 to set the write pointer for the receive buffer equal to
the temporary pointer.

Output interface 2703 receives read requests from output circuit 1405 via conductors 2732 through
2736.

Output interface 2703 responds to these read requests by making the appropriate pointer available to
read data from memory 1401. For example, a signal on conductor 2732 causes output interface 2703 to read
the data from receive buffer 1501 at the address pointed to by the receive buffer read pointer. A signal on
conductor 2733 causes output interface 2703 to read switch test buffer 1504 at the address pointed to by the
switch test buffer read pointer. Once output interface 2703 has read the data, it forwards the data to output
circuit 1405 via cable 2731.

Overflow conditions are detected by receive buffer full/fempty circuit 2704. This is done by 2704
comparing the read pointer against the write pointer plus one. If these two are equal, it indicates that an
overflow will occur if the receiver attempts to write another byte into receive buffer 1501.

The operation of input interface 2713 is similar to receive interface 2701. Incoming data is received
from input circuit 1406 via cabie 2744, and is written into either transmit buffer 1503 or switch test buffer
1504. The write requests from input circuit 1406 are via conductors 2745 through 2752, and conductor 2765.
Switch test buffer full/empty circuit 2708 and transmit buffer full/empty circuit 2712 receive write pointer
addresses from input interface 2713, in order to maintain the full/empty status of switch test buffer 1504
and transmit buffer 1503. These full/empty circuits reset flip-flops 2709 and 2710, and send buffer overfilled
conditions via conductors 2742 and 2743, The operation of transmit interface 2711 is similar to output
interface 2703. Data is read from either transmit buffer 1503 or trunk test buffer 1502 in memory 1401. Once
the data has been read, it is sent to transmitter 1403 via cable 2755. Read requests are received from
transmitter 1403 via conductors 2753 and 2754. Transmit interface 2711 contains no temporary pointers.

Memory 1401 contains the following circular buffers: receive buffer 1501, trunk test buffer 1502,
transmit buffer 1603, and switch test buffer 1504. A circular buffer is shown in detail in Fig. 28. Circular
buffers allow read pointer 2801 and write pointer 2804 to continuously read and write the same portion of
memory 1401, as long as read pointer 2801 is always ahead of write pointer 2804, so that write pointer 2804
cannot write a portion of memory 1401 that has not yet been read. After each read or write operation, the
appropriate pointer {read or write) is incremented by one. If write pointer 2804 is at a location one less than
read pointer 2801, the buffer is full (that is, the next write operation will overwrite a portion of the buffer
that read pointer 2801 has not yet read}. When the condition occurs, full/empty circuit 2803 indicates a full
buffer condition on conductor 2808. Similarly, when read pointer 2801 is at a location one less than write
pointer 2804, the buffer is empty.

Temporary pointers are used by receiver 1402, input circuit 1406, and output circuit 1405 for various
applications. In the receive circuit, for example, the temporary pointer is used to back-up the write pointer,
in cases where the write pointer has written a packet and then receiver 1402 discovers an error. The
temporary pointer points to the memory location containing the first byte of the packet. By setting the write
pointer equal to the temporary pointer, the packet is effectively aborted.

A typical pointer is shown in Fig. 29. Pointers contain the address of the current position in the buffer in
order to read or write the buffer. The pointer circuit does the following: resets the pointer; increments the
pointer {including wrap-around); loads the pointer from an externai source, for example, setting the read
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pointer equal to the temporary pointer; and provides the current address, and the address plus one, for use
by the full/empty circuit. The current address is stored in register 2901. This address is available on cable
2919; the address plus one is available on cable 2921. A reset operation causes the start address on
conductor 2920 to be loaded into register 2901, as follows. The reset is initiated by a signal on conductor
2915. This signal enables register 2901 via OR gate 2902, Additionaily, this reset signal operates OR gate
2909, which enables AND gate 2913. The start address on cable 2920 passes through AND gate 2913 and
OR gate 2912 to one input of AND gate 2905. The other input of AND gate 2905 is enabled via inverter 2906;
thus, the start address is loaded into register 2901. Incrementing the pointer causes the pointer to read or
write the next memory address. When the pointer has reached the limit address, incrementing causes wrap
around. Incrementing is initiated by a signal on conductor 2916. This signal enables register 2901 via OR
gate 2902. The address that is loaded into register 2901 depends on whether or not the limit of memory
space has been reached. If the limit has not been reached, comparator 2907 operates, which operates AND
gate 2911 and OR gate 2912. When OR gate 2912 operates, the current address plus one is loaded into
register 2901 via AND gate 2905 and OR gate 2904. If the limit has been reached, comparator 2908 operates.
This operates OR gate 2909, which causes the start address on conductor 2820 to be loaded into register
2901 as previously described. Thi$ is the wrap around. Loading from an external source is initiated by a
signal on conductor 2917. This signal enables register 2901 via OR gate 2902; additionally, this signal
enables AND gate 2903 and disables AND gate 2905 via inverter 2806. When AND gate 2903 is enabled, the
external address on cable 2918 is put in register 2901, via OR gate 2904.

Receive interface 2701 is shown in greater detail in Fig. 30. Receive interface 2701 comprises receive
buffer write pointer 3001, temporary pointer 3002, and trunk test buffer pointer 3003, These pointers are
similar to the pointer described in Fig. 29 and are used to allow receiver 1402 to read receive buffer 1501
and trunk test buffer 1502. Data is received from buffer 2401 on cable 2720, and is written, via cable 3004,
into memory 1401 via memory interface 2702. The memory location is specified via address cable 3006.
This address is received from the DO lead of the respective pointer 3001, 3002, or 3003) through OR gate
3015 and AND gate 3011. AND gates 3009 through 3011 are muiti-input AND gates that send data, write
indications, and addresses to memory 1401 via cables 3004 through 3006. Output interface 2703, input
interface 2713, and transmit interface 2711 are similar in design to receive interface 2701.

Switch interface 1418 is shown in greater detail in Fig. 31. This circuit is the interface between trunk
controller 131 and switching network 1186. Its primary function is to provide maintenance read and write
capabilities between the trunk controller and central processor 115. These maintenance functions are
provided via maintenance.read and write packets, and via fault detection circuit 3108. Maintenance
information is sent between switch interface 1418 and the central processor via maintenance read and
maintenance write packets. Packets are sent to input control 3107 via conductor 132. Input control 3107
reads the control field of the packet to determine whether the packet is a maintenance packet. If the packet
is not a maintenance packet, it is shifted through to input circuit 1406. If the packet is a maintenance packet,
it is shifted through to maintenance controi 3102.

Maintenance control 3102 reads the control field of the incoming packet to determine whether the
packet is a maintenance read or maintenance write packet. If it is a maintenance write packet, the
information from the packet is passed through register 3103 to maintenance register 3101. This operation is
controlied by maintenance control 3102. The maintenance information is then passed back to register 3103,
and transmitted back to the central processor as a check to verify that the information was correctly written
and stored in maintenance register 3101. If it is a maintenance read packet, the information stored in
maintenance register 3101 is read into register 3103, and is then transmitted to the central processor.
Before the packet is transmitted back to the central processor, the source and destination fields of the
packet must be switchéd, and the CRC code must be recalculated. These functions are accomplished by
packet reformatter 3104.

Another maintenance function consists of fault detection circuit 3108 and cables 3110 through 3113.
Cables 3110 through 3113 are connected to receiver 1402, transmitter 1403, input circuit 1405, and output
circuit 1405, respectively. These cables transmit faults, such as memory error or packet received in error, to
fault detection circuit 3108.

Input circuit 1406 is shown in greater detail in Fig. 32. This circuit receives switch packets from
switching network 116 via switch interface 1418 and writes the packets into the appropriate portions of
memory 1401. Input circuit 1406 comprises packet reformatter 3201 and serial to parallel converter 3202.
Incoming packets are received from switch interface 1418 on conductor 3203, with data present indication
on conductor 3204. Packet reformatter 3201 reads the control field of the incoming packet to determine the
packet type. If it is a memory write packet, it is indicated by a signal on conductor 3212. If it is a test packet, it
is indicated by a signal on conductor 3210. Packet reformatter 3201 also updates the length and CRC fields
of memory write packets. After packet reformatting has been done, the packet is passed in serial to serial to
parallel converter 3202. Serial to parallel converter 3202 converts this incoming serial stream to bytes, and
controis the transfer of these bytes to memory. In the case of an ordinary data packet, the data is written
into transmit buffer 1503, via a signal on conductor 2745. In the case of a test packet, the data is written into
switch test buffer 1504, via a signal on conductor 2746. In the case of a memory write packet, the data is
written into the memory location specified in the packet itself. Conductors 2747 through 2752, and
conductor 2765 control the writing and setting of the two temporary pointers. Temporary pointer 1 is used
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for aborting packets found in error; temporary pointer 2 is used for writing the data portion of memory
write packets into the specified memory location. 7 N

Packet reformatter 3201 is shown in greater detail in Fig. 33. Packet reformatter 3201 contains
duplicated CRC circuits 3301 and 3303, duplicated packet reformat circuits 3302 and 3304, and comparator
3305. The duplicated circuitry is required because the CRC code cannot detect errors during the
reformatting process. Incoming packets are received by packet reformatter 3201 on conductor 3203. CRC
circuits 3301 and 3303 check the CRC field of the incoming packet. If both CRC circuits detect an error, a
packet received in error signal is generated by AND gate 3308 and sent to switch interface 1418 via
conductor 3206. Additionally, a packet received in error causes a signal to be placed on conductor 3211.
This signal causes serial to parallel converter 3202 to discard the packet. Packets not found in error are then
reformatted by packet reformat circuits 3302 and 3304. This reformatting process involves updating the
control, length, and CRC fields. If there is a mismatch in the reformatting done by packet reformat circuits
3302 and 3304, the mismatch is detected by comparator 3305. This mismatch causes comparator 3305 to
send a fault indication to switch interface 1418 via conductor 3205.

Packet reformat circuit 3302 is shown in greater detail in Fig. 34. Packet reformat circuit 3302 comprises
format control 3401, format length circuit 3042, and format CRC circuit 3403. Packet reformat circuit 3302
updates the control, length, and CRC fields of memory write packets only; all other packets are passed
through the circuit with no changes. Format control 3401 receives packets from CRC circuit 3301 via
conductor 3307. A signal is placed on conductor 3308 to indicate that data is present on conductor 3307.
This data present signal is passed to format length circuit 3402 via conductor 3405, and to format CRC
circuit 3403 via conductor 3408. Format control 3401 examines the control field of the incoming packet. If
the field is a “4” (indicating a memory write packet), format control 3401 places a signal on conductor 3212,
which activates format length circuit 3402 and CRC circuit 3403. if the incoming packet.is not a memory
write, format control 3401 shifts the packet through. If the packet is a test packet, format control 3401
indicates this by placing a signal on conductor 3210, which results in the packet being written into switch
test buffer 1504. If format control 3401 receives a memory write packet, format length circuit 3402, in
response to the memory write packet signal from conductor 3212, inserts a constant length into the length
field, and CRC circuit 3403 calculates a new CRC. A constant length is written into the length field because
the memory write packets written into switch test buffer 1504 contain the packet header fields only, without
the data, and thus are the same length. The reformatted packet is then forwarded to serial to parallel
converter 3202 via conductor 3208.

Format control 3401 is shown in greater detal in Fig. 35. Format control 3401 reads the control field of .
the incoming packet. If the incoming packet is a memory write packet, a signal is placed on conductor 3212;
if the incoming packet is anything but a normal data packet, a signal is placed on conductor 3210. The
packet enters on conductor 3307 and is shifted through register 3501 into 3502 at the phi clock rate from
system clock 161. This is done to capture the control field in register 3501. At the same time, the data
present signal is shifted into register 3503. When 48 bits of the packet have been shifted into registers 3501
and 3502, register 3501 contains the control field, bits 40 through 48. The value in the control field is sent to
comparators 3504 and 3505, via conductor 3510. Comparators 3504 and 3505 lead the control field to
determine the packet type. If the control field is a “4” (indicating a memory write packet), comparator 3504
operates and places a si’gnal on conductor 3212 via AND gates 3508 and 3510. If the controil field is not
equal to “0”, comparator 3505 operates and places a signal on conductor 3210 via AND gates 3509.
Flip-flops 3506 and 3507 ensure that the data and data present signals are clocked at the phi rate.

Format length circuit 3402 is shown in greater detail in Fig. 36. Format length circuit 3402 places a
constant length into the length field of memory write packets. All other packets are shifted through with no
action taken. Incoming data and data present signals arrive on conductors 3404 and 3405. If the incoming
packet is not a memory write packet, the data is shifted through flip-flop 3601, gates 3608 and 3609, and flip
flop 3607. The data present signals are shifted through via flip-flops 3602 and 3611. All flip-flops operate at
the phi clock speed under control of system clock 161. If the incoming packet is a memory write packet, itis
indicated by a signal on conductor 3212. This memory write signal sets flip-flop 3605. When flip-flop 3605 is
set, and the first bit of the packet is about to be shifted into flip-flop 3601, flip-flop 3604 is set, causing the
constant 18" to be shifted into the length field of the packet from shift register 3606 and through AND gate
3610 and OR gate 3609. At the same time, counter 3603 is enabled. When counter 3603 reaches “7",
flip-flop 3604 is reset, and shift register 3606 stops shifting. The remainder of the packet is then shifted
through AND gate 3608 and OR gate 3609.

Format CRC circuit 3403 is shown in greater detail in Fig. 37. Format CRC circuit 3403 recalculates the
CRC field of memory write packets. All other packets are shifted through with no action taken. The
incoming data present signal on conductor 3408 causes control 3704 to activate counter 3703. Counter 3703
counts the bits of the incoming packet as they appear on conductor 3407, and are passed through flip-flop
3701, data selector 3706, and flip-flop 3707. As the data passes through the circuit, it is aiso sent to CRC
circuit 3705, which is calcuiating the new CRC. When counter 3703 reaches 128, it signals control 3704,
which disables CRC circuit 3705. This is done because the first 128 bits of the packet contain the packet
header, which is the only part of the packet that the CRC must be calculated. After bit 128, the rest of the
packet contains the data. This data gets written into memory, and does not appear in the packet when the
packet is transmitted. Thus, the CRC field is not caiculated over the data portion of the packet, since the data
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is written into logical translation table 1505. When the end of the packet leaves data selector 3706, control
3704 shifts the recalculated CRC field through data selector 3706 and, thus, onto the end of the packet.

Serial to parallel converter 3202 is shown in greater detail in Fig. 38. Serial to parallel converter 3202
comprises buffer 3801 and address control interface 3802. Buffer 3801 receives incoming serial information
on conductor 3208 and transforms the information into bytes, which are sent to address control 1404 via
cable 2744. Address control interface 3802 signals to address control 1404 where in memory 1401 the data
is to be written. This signalling is provided via conductors 2745 through 2752, and conductor 2765. The
signaliling is done in a manner similar to receive address control interface circuit 2402.

Buffer 3801 is shown in greater detail in Fig. 39. Buffer 3801 forms the incoming serial data into bytes.
Additionally, it signals address control interface 3802 when the CRC field is in the buffer. This is necessary
because, in a memory write packet, address control interface 3802 writes the CRC field into switch test
buffer 1504 and writes the data portion of the packet into a different memory location. Incoming data and
data present signals appear on conductors 3208 and 3209, and are shifted into registers 3901 and 3902.
When a byte has been assembled in register 3903, it is loaded into register 3904 and sent to address control
1404 via cable 2744. A signal on conductor 3805 indicates to address control interface 3802 that the CRC
field is ready to be transmitted. With the previously noted differences, the operation of buffer 3801 is
similar to the operation of buffer 2401.

Address control interface 3802 is shown in Fig. 40. Address control interface 3802 allows packets
similar to those shown in Fig. 6 to be written into memory 1401. The packet can be either a data, memory’
read, or switch test packet. In the case of a data packet, the packet is written into transmit buffer 1503 in
memory 1401. When the first byte is ready in buffer 3801, it is indicated by a signal on conductor 3804. This
signal causes control 4028 to place a signal on conductor 4030. This signal sets flip-flop 4013, which places
a "1 on the output of AND gate 4012, Control 4028 then places a signal on conductor 4035. This is a write
buffer command. In the case of a data packet, the data is written into transmit buffer 1503 because the
signal on conductor 4035 operates AND gate 4016, which operates AND gate 4017. When AND gate 4017
operates, a signal is placed on conductor 2745. This signal is passed to address control 1404, and it causes
the byte contained in buffer 3801 to be written into transmit buffer 1503 in memory 1401. This process
continues until the entire packet has been read from buffer 3801 and has been written into transmit buffer
1503. After each byte has been transferred from buffer 3801 into transmit buffer 1503, control 4028 sends
an acknowledge signal to buffer 3801 via conductor 3803. The operation for a test packet is similar as that
for a data packet, with the exception that the packet is written into switch test buffer 1504, rather than into
transmit buffer 1503. This is accomplished by the test packet signal on conductor 3210 setting flip-flop
4005. When flip-flop 4005 is set, AND gates 4017 through 4021 are disabled, and AND gates 4023 through
4027 are enabled. This allows the writing of switch test buffer 1504 while disabling the writing of transmit
buffer 1503. A memory write packet requires that the packet length, destination and source trunk controlier,
control, arrival time, process identifier, logical address, time stamp, and CRC fields be written into switch
test buffer 1504; and that the data field be written into another memory location specified in the packet. To
do this, control 4028 activates the writing of switch test buffer 1504 during the writing of most of the packet.
This causes the beginning fields, up to the data field, to be written into switch test buffer 1504 via conductor
2746. When the data portion of the packet is to be written, control 4028 disables the writing of switch test
buffer 1504, and enables the writing of temporary pointer 2, causing the data portion of the packet to be
written into the memory location to which temporary pointer 2 is pointing via conductor 2747. After the
data portion is written, control 4028 causes the CRC field to be written into switch test buffer 1504, via
conductor 2746.

If a packet stored in buffer 3801 contains errors, or if the buffer that the packet is being written into is
overfilled, then the packet must be discarded. Packets that contain errors are indicated by a signal on
conductor 3211. An overload of transmit buffer 1503 is indicated by a signal on conductor 2743, and an
overload of switch test buffer 1504 is indicated by a signal on conductor 2742. The discarding of a packet is
done by temporary pointer 1, which is set equal to the write pointer at the start of the write operation. If an
error is found or a buffer is overfilled, the write pointer is set equal to temporary pointer, via a signal on
conductor 2748 or 2765. The effect of this is to back up the write pointer to the location that the write pointer
was at when it began to write the packet. The next packet to be written will overwrite the packet in error,
effectively discarding it. This temporary pointer is similar to the temporary pointer for receive interface
2701, shown in Fig. 30. Setting the write pointer equai to temporary pointer 1 is done by control 4028
piacing a signal on conductor 4036. This action is done at the end of each write operation. However, during
normal write operations when a packet is not to be discarded, the signal on conductor 4036 does nothing
because the other input of AND gate 4010 is disabled. When a discard signal is received, fiip-flop 4013 is
reset to ‘0"’ This turns off AND gate 4012, which disables the writing of both the transmit and switch test
buffers, due to the disabling of AND gate 4016. Additionally, when flip-flop 4013 is reset to “0”, AND gate
4010 is enabled, which sets the write pointer equal to temporary pointer 1, and thus discards the packet.

Output circuit 1405 is shown in greater detail in Fig. 41. Output circuit 1405 reads data packets, memory
read and write packets, and switch test packets from memory 1401, and transmits the packets to the switch
network via switch interface 1418. Output circuit 1405 comprises parallel to serial converter 4101 and
packet reformatter 4102. Parallel to serial converter 4101 uses conductors 2732 through 2738 to read data
from memory 1401, via address control 1404. Data is read in a parallel manner, and appears on cable 2731.
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Depending on the packet type, parallel to serial converter 4101 places signals on conductors 2732, 2733,
2735, or 2736 to read receive buffer 1501 or switch test buffer 1504, and to load the temporary pointer. The
operation for data memory read or write, and switch test packets are described in the following paragraphs.
As parallel to serial converter 4101 is reading memory 1401, it is converting the data to serial, and
transmitting the serial data to packet reformatter 4102. Packet reformatter 4102 receives the packet on
conductor 4115, checks the CRC field of the packet, and calculates a new CRC field for the outgoing packet
to the switch network. Depending on the packet type, output circuit 1405 also updates several packet fields,
such as the source trunk controller, destination trunk controller, length, and control fields. After the packet
has been reformatted, it is transmitted to the switch network, via switch interface 1418 on conductor 4117.
Switch interface 1418 indicates that it is ready to receive a packet by placing a signal on conductor 4114.
an error is found in the incoming packet, or during the packet transformation, it is indicated by a signal on
one of the conductors 4119 through 4121, which is transmitted to switch interface 1418.

Parallel to serial converter 4101 contains control leads that allow it to access portions of memory 1401
via address control 1404. Access to receive buffer 1501 is provided via conductor 2732. Access to switch
test buffer 1504 is provided via conductor 2733. These access leads provide control only; the information
contained in memory is transferred to output circuit 1405 via cable 2731. In order to gain access to memory
1401, a signal must be present on conductor 2760. This signal is provided by timer 2714 contained in
address control 1404. Qutput circuit 1405 also contains control leads for the temporary pointer, provided
via conductors 2734 through 2737. The temporary pointer is used to perform memory read operations, as
specified by memory read and memory write packets.

Packet reformatter 4102 receives information from parallel to serial converter 4101 via conductor 4115.
it uses the information to assembie the packet that is transmitted to the switch network. This circuit also
checks the CRC field of the incoming packet and provides an error indication if an error is found.

The packet transformations provided by output circuit 1405 are shown in Fig. 42, Fig. 43, and Fig. 44.
The packet configuration going into parallel to serial converter 4101 is the packet as it goes into output
circuit 1405. The packet configuration going into packet reformatter 4102 is not an actual packet; rather, itis
used to illustrate the intermediate step in the actual packet transformation. The packet configuration
coming out of packet reformatter 4102 is the actual packet as it leaves output circuit 1405.

Fig. 42 shows the packet transformation that occurs when a data packet (control field of “0”) is read
from receive buffer 1501. Fig. 42 is used to illustrate what takes place in the packet when output circuit 1405
reads a data packet. Packet 4201 is the packet as it exists in receive buffer 1501. After parallel to serial
converter 4101 receives from address control 1404 a grant signal on conductor 2760, and a data present
signal on conductor 2738, it is ready to read receive buffer 1501. This is done by parallel to serial converter
4101 sending a read receive buffer signal to address control 1404 via conductor 2732. This signal causes
address control 1404 to read receive buffer 1501 in memory 1401 and to send the data to parallel to serial
converter 4101 on cable 2731. This data appears in parallel and is transformed into a serial bit stream.
When the logical address of the packet is read, it is loaded into the temporary pointer, via signals on
conductors 2735 through 2737. This address is used to access the proper entry in logical translation table
1505, which is inserted into the packet passed from parallel to serial converter 4101 to packet reformatter
4102. The format of this intermediate packet is shown as 4202 in Fig. 42.

After parallel to serial converter 4101 has read receive buffer 1501 and has read the new logical
address, it forwards the information to packet reformatter 4102. Packet reformatter 4102 performs two
main functions: it changes the order of certain fields of the incoming information so as to place the source
and destination trunk controller numbers in their proper fields, and it places the logical channel translation
table information into the logical address field. Additionally, packet reformatter 4102 checks the CRC field
of the incoming information, and calculates a new length and CRC field. This action results in the actual
packet 4203.

Fig. 43 shows the packet transformation that occurs during a memory read (control field of “3”) or a
memory write (control field of ““4"’) operation. The operations are similar to those for reading a data packet
(Fig. 42), with the following exception. In a memory read or memory write, data is read from a memory
location specified in the memory read or memory write packet, and the data is placed into the outgoing
memory read or memory write packet. At the same time, the remainder of the packet is read from switch
test buffer 1504. Packet 4301 is the packet as it exists in switch test buffer 1504. The address field is the
memory location of the data that is to be placed in the packet. The count field is the number of bytes of data
that are to be read. The packet is read out of switch test buffer 1504 under control of a signal on conductor
2733. When the address field 4304 is read from the buffer, its value is also saved in the temporary pointer.
This is done via signals on conductors 4209 and 4210 as previously described for Fig. 42, After count field
4305 is read, the temporary pointer is used to read information from memory 1401. This information is then
placed in the data field. Packet reformatter 4102 updates the length, and destination and source trunk
controller fieids, and recalculates a new CRC field. This forms the actual packet 4303.

The packet transformation for a switch test packet (control field of /5" or ““6’'} is shown in Fig. 44. For a
switch test packet transformation, it is necessary to update the destination trunk control field. This is done
by using the data in either the trunk control 1 or trunk control 2 fields. For a first hop switch test packet
{control field of “/5”), the trunk controi 1 field is used. For a second hop switch test packet (control field of
“6"), the trunk control 2 field is used.
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Parallel to serial converter 4101 is shown in greater detail in Fig. 45. This circuit comprises address
control interface 4501, and buffer 4502. Incoming packets are sent to both address control interface 4501
and buffer 4502 via cable 2731. Address control interface 4501 is informed of the presence of data in either
receive buffer 1501 or switch test buffer 1504 via data present signals on conductors 2738 and 2740. It then
controls the transfer of the packets to buffer 4602, which performs the parallel to serial conversion. Address
control interface 4501 also controls the reading of the logical channel transiation table entries and the data
fields of the memory read and memory write packets using the temporary pointer.

Address control interface 4501 is shown in greater detail in Fig. 46. Address control interface 4501
controls the transfer of packets from receive buffer 1501 or switch test buffer 1504 into buffer 4502. The
transfer of the packets is on cable 2731. Address control 4501 also decodes the control field of the packet
being read, in order to properly load the temporary pointer; and it reads the length fieid of the packet being
read, in order to determine when the packet has been entirely read.

Address control 1404 indicates the presence of data in receive buffer 1501 by placing a signal on
conductor 2738; it indicates the presence of data in switch test buffer 1504 by placing a signal on conductor
2740. Address control interface 4501 responds to this data present signal by placing a signal on either
conductor 2732 or 2733, in order to read either receive buffer 1501 or switch test buffer 1504, as
appropriate. Additionally, the data present signal from address control 1404 causes control 4602 to start
counter 4604. Counter 4604 counts each byte as it is received from cable 2731. This counting is needed to
determine when the control and length fields of the incoming packet are present on cabie 2731.

The reading of a memory read or memory write packet (control field of 3" or 4"} can be illustrated by
also referring to packet 4301 of Fig. 43. Control 4602 receives the “data present in switch test buffer signal”
on conductor 2740 and begins to read switch test buffer 1504, as previously described. When the length
field appears on cable 2731, it is stored in counter 4603. Counter 4603 begins to count down; when it
reaches zero, the packet has been entirely read. When the control field appears on cable 2731, it is decoded
by decoder 4601. Once the control fieid is decoded, it is stored in flip-flops 4605 and 4606. Address control
interface 4501 continues to read the packet from switch test buffer 1504. When the address field appears on
cable 2731, this address is loaded into the temporary pointer by control 4602 piacing a signal on conductors
2735 and 2736. When the count field appears on cable 2731, it is loaded into counter 4603. Counter 4603
then counts the number of data bytes that are being read from the memory location specified in the
address field. This data is then placed at the end of the packet to form intermediate packet 4302.

Buffer 4502 is shown in greater detail in Fig. 47. Buffer 4502 performs the actual parallel to serial
conversion. The presence of a byte on cable 2731 is indicated by a signal from address control interface
4501 on conductor 4504. The load signal is provided on conductor 4503. This load signal causes the first
byte on cable 2731 to be loaded into input register 4701. Control 4703 then ioads the byte into shift register
4702. Shift register 4702 then shifts the byte out onto conductor 4215 in a serial manner. This shifting is
activated via a signal from control 4703 on conductor 4706. Control 4703 also causes counter 4704 to begin
counting. Counter 4704 counts the bit times to indicates when the byte has been completely shifted out of
shift register 4702. During the time that the contents of shift register 4702 are being shifted out serially, the
next byte on cabie 2731 is loaded into input register 4701, which buffers this byte until the data in shift
register 4702 has been completely shifted out. After the data in shift register 4702 has been completely
shifted out, control 4703 causes the contents of register 4701 to be passed to shift register 4702, via a signal
on conductor 4705. Control 4703 then resets counter 4704, and sends an acknowledge signai back to
address control interface 4501 via conductor 4505, Buffer 4502 is receiving a continuous ready indication
from switch interface 1418 on conductor 4114. If switch interface 1418 is overloaded and cannot receive
packets, it removes this ready signal. When this occurs, data is not shifted out of shift register 4702 until the
ready signal appears again.

Packet reformatter 4102 is shown in greater detail in Fig. 48. Packet reformatter 4102 comprises packet
reformat circuits 4801 and 4802, and comparator 4803. The duplicate packet reformatters are necessary for
detecting hardware failures, as previously explained. If an error is found in the reformatting, comparator
4803 detects the error and places a signal on conductor 4121. This fault signal is sent to the central
processor via switch interface 1418. If the CRC check of the incoming packet shows that the packet was
received in error, a signal is placed on conductor 4119; if the check on the logical channel translation table
entry reveals an error, a signal is placed on conductor 4120. Both signals are sent to switch interface 1418,

Packet reformat circuit 4801 is shown in greater detail in Fig. 49. Packet reformat circuit 4801 performs
two basic functions: it checks the CRC field of the incoming packet and reports any errors, and it reformats
certain fields, depending on the type of packet received. Errors are reported by check CRC circuit 4905,
which checks the CRC field of the incoming packet, and the check field of the logical channei transiation
table entry. If the incoming packet contains errors, it is reported via a signal on either conductor 4119 or
4120 as previously described. This operation is the same regardless of the type of packet received.

Packet reformat circuit 4801 is described with respect to handling an ordinary packet (control field of
0"}, similar to packet 4202. The incoming packet is received by packet reformat circuit 4801 on conductor
4115, and shifted into register 4901 in a serial manner. The bits are moved through packet reformat circuit
4801 in a continuous stream under control of system clock 161. Timing generator 4904 keeps track of where
each bit is in register 4301. This allows control 4903 to access various areas in shift register 4901, via data
selector 4902, in order to shift various fields into the appropriate reformatting circuits 4906 through 4908, or
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decoder 4909. When the control and PID fields are at the correct locations in shift register 4901, control 4903
causes these fields to be shifted into decoder 4909. Decoder 4909 decodes these fields and sends the
decoded values to control 4903. After 256 bits have been shifted into register 4901, the length field, which is
now stored in register 4901, is selected by data selector 4902 and sent to data selector 4910 via conductor
4912. In this particular case, the length field does not change and thus is passed directly to the output. The
DTC field, which is located in the logical channel translation table entry field, is then shifted out of register
4901 via data selector 4902, and sent to data selector 4910. The next field to consider is the STC field. The
value of this field is hard-wired into format STC circuit 4906. Control 4903 causes format STC circuit 4806 to
shift this value into data selector 4910. The control, arrival time, and packet identifier fields are next
selected by data selector 4902 and shifted to data selector 4910, under control of control 4903. The new
logical address must be removed from the logical channel translation table entry field, contained in register
4901. To do this, control 4903 causes data selector 4902 to select this field, and send the new logical
address to data selector 4910. As each field is sent to data selector 4910, control 4093 causes data selector
4910 to send these fields (which now constitute the entire packet) to format CRC circuit 4911. Format CRC
circuit 4911 is recalcuiating a new CRC field as the packet is being shifted through. Once the entire packet
has been shifted through format CRC circuit 4911, format CRC circuit 4911 calculates a new CRC field, based
on the updated fields, and adds the new CRC field to the end of the packet. The reformatted packet is then
sent to switch interface 1418 via conductor 4117. Control 4903 generates the required data present signals
on conductor 4118.

Transmitter 1403 is shown in greater detail in Fig. 50. Transmitter 1403 reads data from memory 1401,
via address control 1404, and converts the data into trunk packets, which are sent to the next trunk
controller or to the concentrator in the end office. Transmitter 1403 comprises parallel to serial converter
5001, packet reformatter 5002, and flag and bit stuff circuit 5003. Transmitter 1403 receives data present in
transmit buffer, and data present in trunk test buffer signal from address control 1404 via conductors 2756
and 2758. When transmitter 1403 receives a signal on conductor 2766, it reads transmit buffer 1503 in
memory 1401 by placing a signal on conductor 2754. This signal causes address control 1404 to read the
data from transmit buffer 1503, and forward the data to Transmitter 1403 via cable 2755. Similarly,
transmitter 1403 reads data from trunk test buffer 1502 in memory 1401 by placing a signal on conductor
2753. After the data has been read from either transmit buffer 1503 or trunk test buffer 1502, the data is
converted from parallel to serial, and passed to packet reformatter 5002 via conductor 5013. Packet
reformatter 5002 indicates it is ready to receive data by placing a signal on conductor 5015. Packet
reformatter 5002 fills in the time stamp field, and-updates the PID field, as required, to reflect any flow
control change. The flow control information is received from switch interface 1418 via cable 5012.
Additionally, packet reformatter 5002 checks the CRC field of the incoming packet for errors, and
recalculates a new CRC field, based on the added field information. Packet reéformatter 5002 passes the
packet to flag and bit stuff circuit 5003. via conductor 5016. Flag and bit stuff circuit 5003 adds the flag
pattern to the beginning and end of the outgoing packet, and stuffs a zero after any sequence of five ones.
Flag and bit stuff circuit 5003 then transmits the trunk packet to the trunk via conductor 5019 at a 1.544 Mb/s
rate.

Packet reformatter 5002 is shown in greater detail in Fig. 51. Packet reformatter 5002 comprises CRC
circuits 5101 and 5104, packet reformat circuits 5102 and 5105, and comparator 5103. This circuit contains
duplicate CRC and packet reformatters, which are required to detect hardware failures, as has been
previously explained. If an error is detected, it is indicated by a signal on conductor 5021.

Packet reformat circuit 5102 is shown in greater detail in Fig. 52. This circuit updates the time stamp
field, PID field, and CRC field. Format time stamp circuit 5201 updates the time stamp field of the packet by
calculating the difference between arrival time, already contained in the arrival time field, and the present
time, which is maintained by format time stamp circuit 5201. This calculation was described in the detailed
description for receiver 1402. Format time stamp circuit 5201 also removes the header information from the
packet so as to convert it from a switch packet to a trunk packet. PID circuit 5202 updates the PID field, based
on the current flow control which is maintained in switch interface 1418. Flow control information is passed
to PID circuit 5202 via cable 5012. CRC circuit 5203 recalculates a new CRC field using the updated time
stamp and PID fields, in addition to the other packet fields. Once packet reformatter 5202 has updated all
necessary fields, it passes the packet to flag and bit stuff circuit 5003.

Format time stamp circuit 5201 is shown in greater detail in Fig. 53. Format time stamp circuit 5201
reads thea rrival time of the incoming packet from the arrival time field, computes the difference between
the arrival time and the current time, and adds this difference to the time stamp field. Format time stamp
circuit 5201 also removes fields from the incoming packet, in order to transform it from a switch packet into
a trunk packet. The present time is maintained by counter 5302, which is controlled via external timing
signals on conductors 5010 and 5011. When the first data present is received on conductor 5107 it is sent to
control 5303, which causes the contents of counter 5302 to be written into shift register 5301. The signal on
conductor 5107 also causes control 5303 to start counter 5312. Counter 5312 counts the data present
signals as they arrive on conductor 5107, in order to determine when the various fields are present on
conductor 5106. When the arrival time field of the packet is present on conductor 5106, control 5303 causes
the arrival time to be shifted to serial adder 5304 and, at the same time, control 56303 causes the current
time, previously stored in shift register 5301, to be shifted to serial adder 5304. Serial adder 5304 adds the
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current time to the arrival time field and places the sum in shift register 5305. Since the arrival time field is
encoded as a negative number, this calculation yields the difference between the current time and the
arrival time. When counter 5312 indicates that the time stamp field of the incoming packet is present on
conductor 5108, control 5303 causes the time stamp field to be shifted to serial adder 5306, and, at the same
time, control 5303 causes the contents of shift register 5305 to be sent to serial adder 5306. Serial adder
5306 then adds these numbers, and places the sum into the time stamp field of the incoming packet, thus
updating the time stamp field. The fields that must be stripped off of the packet to transform the packet
from a switch packet to a trunk packet are stripped off as follows. Control 5303 removes the signal on AND
gate 5310 when the fields that are to be stripped off are present on conductor 5106. This removes the data
present signal from conductor 5205 during the bit times that the fields that are to be removed are present
on conductor 5106. The removal of this data present signal causes the following circuits to ignore the data
that is present on conductor 5204 during the bit times that the data present signal is removed.

Fig. 54 shows the clock rates from system clock 161. The psi clock rate is the rate that incoming data
enters receiver 1402. The phi rate is the rate that the data leaves receiver 1402, passes through the various
circuits in trunk controller 131, and is sent to the switching network. The theta rate is the rate that data is
transferred in and out of memory 1401 by address control 1404.

Claims

1. A packet switch for switching packets of digital signals between a plurality of input terminals {133)
and a plurality of output terminals (132), and said switch comprising:

a plurality of input control means (1000) each of which is connected to an individual one of said input
terminals,

a plurality of output control means (1004) each of which is connected to an individual one of said
output terminals,

means {1014) individually connecting each of said input control means (1000) to each of said output
control means (1004}, characterized in that

each of said packets comprises an address field of said digital bit signais defining a packet
communication path from an individual one of said input control means over said connecting means and
an individual one of said output control means to said individual one of said output terminals connected
thereto,

the input control means (1000) comprises:

means (1100) for storing address and other digital bit signals of a packet received from said individual
one of said input terminals (133) and

means responsive to a receipt of said address signals for sending a packet communication request
signal to the address designated output control means;

means (1104) for controliling said storing means to commence a transmission therefrom of address
and other digital bit signals of said received packet to the one of said output terminals identified by the
stored address signals of said packet immediately upon receipt of a packet communication availability
signal indicating an idle condition of said defined one of said output terminals.

2. The packet switch of claim 1 characterized in that said controlling means comprises:

means responsive to a predetermined number of a plurality of address bits in said received packet for
routing said stored address and other digital bit signals to said defined one of said output terminals, and

means {1106) for repositioning said predetermined number of address bits in said plurality of address
bits in the routing of said packet to said defined one of said output terminals.

3. The packet switch of claim 2 characterized in that

said predetermined number of address bits located in a most significant address bit position in said
packet, and said repositioning means (11086) relocates said predetermined number of address bits to a least
significant address bit position in said packet.

4. The packet switch of claim 3 characterized in that said rearranging means of said repositioning
means comprises:

first {1200) and second {1203) shift register circuits each having an input and an output means said
input means of said first shift register circuit connected to said storing means for receiving said stored
digital bit signals therefrom, and said input means of said second shift register circuit connected to said
output means of said first shift register circuit for receiving said stored digital bit signals therefrom,

selecting means (1202) operable for selecting said digital bit signals of said address field from said
output means of said first and second shift register circuits, and

control circuit means (1208) responsive to said digital bit signals of said address field for operating said
selecting means sequentially to select said digital bit signals of said address field from said first and second
shift register circuits to effect a rotation of said predetermined number of said digital bit signals of said
address field to a least significant bit position of said address field.

5. A packet switch according to claim 4 characterized in that

said controlling means is responsive to address field signals stored in said storing means for sending
said packet communication request signal over said connecting means to said identified one of said output
control means.
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6. A packet switch according to claim 5 characterized in that

said buffer means comprises a plural stage buffer shift register for storing said packet digital signals
and having a first stage, intermediate stages and a last stage, and being operative in response to a
sequential receipt of packet digital signals for shifting the received digital signals from said first stage
intermediate stages toward said last stage, each of said register stages comprising stage output means for
deriving the shifted digital signals thereat,

selector means operable for selecting a one of said stage output means storing a start-of-packet digital
signal of said received packet and to commence a communication of said received packet from said
selector means toward said defined one of said output control means, and

said controller means being further responsive for operating said selector means upon receipt of said
packet communication availability signal.

7. A packet switch according to claim 6 characterized in that

said storing means further comprises a plural stage input shift register having an input for sequentially
receiving packet digital signals to effect a storage of said digital signals in said input shift requests, a serial
output for sequentially supplying the stored packet digital signals to said buffer shift register, and address
bit outputs for deriving stored address bit signals of said received digital signals,

further comprising an address register operable for registering said stored address bit signals
identifying that said defined one of said output control means is to receive said stored packet digital
signals, and

said controlling means being further responsive to a start-of-packet signal stored in said input shift
register and to address bit signals stored in said address register for sending said packet communication
request signal over said connecting means to said defined one of said output control means.

8. A packet switch according to claim 7 characterized in that

said input shift register further comprises output means furnishing signals signifying the length of the
packet stored therein,

further comprising a packet length register means responsive to said packet length signals for
activating said controlling means to control said selector means for terminating said communication of
said packet from said selector means toward said defined one of said output control means.

9. A packet switch according to claim 8 characterized in that the input shift register further comprising:

device means operable for supplying said packet communication available signal to said individual
one of said input terminals connected to said each input controi -means, and wherein

said controlling means is further activated by said packet length register means to control the
operation of said device means upon a terminating of said communication of said packet from said selector
means toward said defined one of said output control means.

Patentanspriiche

1. Paketvermittlungseinheit zur Vermittiung von Paketen digitaler Signale zwischen einer Vielzahl von
Eingabeanschlufstellen (133) und einer Vielzahl von Ausgabeanschiustellen (132), wobei die
Vermittlungseinheit umfaf3t:

eine Vielzahi von Eingabesteuereinrichtungen (1000), von denen jede mit einer bestimmten
EingabeanschiuB3stelle verbunden ist,

eine Vielzahl von Ausgabesteuereinrichtungen (1004), von denen jede mit einer bestimmten
AusgabeanschluBBstelle verbunden ist, und

eine Einrichtung ({1014), die einzeln jede Eingabesteuereinrichtung (1000) mit jeder
Ausgabesteuereinrichtung (1004) verbindet, dadurch gekennzeichnet, daR

jedes der Pakete ein Adressenfeld aus den digitalen Bitsignalen zur Festlegung eines
Paketnachrichtenweges von einer bestimmten Eingabesteuereinrichtung tiber die Verbindungseinrichtung
und eine bestimmte Ausgabesteuereinrichtung 2zu der damit verbundenen bestimmten
Ausgabeanschiuf3stelle enthait,

wobei die Eingabesteuereinrichtung (1000) enthélt:

eine Einrichtung (1100) zur Speicherung von Adressen- und weiteren digitalen Bitsignalen eines von
der Eingabeanschlufstelle (133) empfangenen Pakets und eine Einrichtung, die unter Ansprechen auf den
Empfang der Adressensignale ein Paketiibertragungsanforderungssignal zu der durch die Adresse
bezeichneten Ausgabesteuereinrichtung sendet;

eine Einrichtung (1104), die die Speichereinrichtung veranlaBt, eine Ubermittlung von Adressen- und
weiteren digitalen Bitsignalen des empfangenen Pakets aus der Speichereinrichtung zu den durch die
gespeicherten Adressensignale identifizierten AusgabeanschluBstetlen zu beginnen, und-zwar unmittelbar
nach dem Empfang eines Paketiibertragungsverfligbarkeitssignals, das einen Freizustand der definierten
AusgabeanschluBstelle angibt.

2. Paketvermittlungseinheit nach Anspruch 1, dadurch gekennzeichnet, daR

die Steuereinrichtung eine Einrichtung enthélt, die unter Ansprechen auf eine vorbestimmte Anzahl
aus einer Vielzahl von Adressenbits des empfangenen Pakets, die gespeicherten Adressen- und weiteren
digitalen Bitsignale zu der definierten AusgabeanschiuBstelle weiterieitet, und

eine Einrichtung (1106) zur Neupositionierung der vorbestimmten Anzahi von Adressenbits aus der

28



10

15

20

25

30

35

40

45

50

55

60

65

0 112 831

Vielzahl von Adressenbits wéahrend der Weiterleitung des Pakets zu den definierten
AusgabeanschiuBstellen.

3. Paketvermittlungseinheit nach Anspruch 2, dadurch gekennzeichnet, daR

sich die vorbestimmte Anzahi von Adressenbits in einer hdchstwertigen Adressenbitstelle in dem
Paket befindet und daR die Neupositionierungseinrichtung (1106) die vorbestimmte Anzahl von
Adressenbits in eine niedrigstwertige Adressenbitstelle des Pakets umordnet.

4. Paketvermittlungseinheit nach Anspruch 3, dadurch gekennzeichnet, dal§

die Umordnungseinrichtung der Neupositionierungseinrichtung enthalt:

eine erste (1200) und eine zweite (1203} Schieberegisterschaltung mit jeweils einer Eingabe- und einer
Ausgabeeinrichtung, wobei die Eingabeeinrichtung der ersten Schieberegisterschaltung mit der
Speichereinrichtung verbunden ist, um von dort die gespeicherten digitalen Bitsignale zu empfangen, und
die Eingabeeinrichtung der zweiten Schieberegisterschaltung mit der Ausgabeeinrichtung der ersten
Schieberegisterschaltung verbunden ist, um von dort die gespeicherten digitalen Bitsignale zu empfangen,

eine Auswahleinrichtung (1202), die die digitalen Bitsignale des Adressenfeldes von der
Ausgabeeinrichtung der ersten und zweiten Schieberegisterschaltung auswahlen kann,

und eine Steuerschaltungseinrichtung (1209), die unter Ansprechen auf die digitalen Bitsignale des
Adressenfeldes die Auswahleinrichtung veranlaBBt, die digitaien Bitsignale des Adressenfeides von der
ersten und zweiten Schieberegisterschaltung sequentiell auszuwéhlen, um eine Rotation der
vorbestimmten Anzahl der digitalen Bitsignale des Adressenfeldes zu einer niedrigstwertigen Bitstellie des
Adressenfeldes zu bewirken.

5. Paketvermittiungseinheit nach Anspruch 4, dadurch gekennzeichnet, daf

die Steuereinrichtung unter Ansprechen auf in der Speichereinrichtung gespeicherte
Adressenfeldsignale das Paketiibermittlungsanforderungssignal tiber die Verbindungseinrichtung zu der
identifizierten Ausgabesteuereinrichtung {ibertragt.

6. Paketvermittlungseinheit nach Anspruch 5, dadurch gekennzeichnet, daf3

die Speichereinrichtung ein vielstufiges Pufferschieberegister zur Speicherung der digitalen
Paketsignale mit einer ersten Stufe, Zwischenstufen und einer {etzten Stufe besitzt und unter Ansprechen
auf den sequentiellen Empfang von digitalen Paketsignalen die empfangenen digitalen Signale von der
ersten Stufe Uber die Zwischenstufen zur letzten Stufe verschiebt, wobei jede der Registerstufen eine
Stufenausgangseinrichtung enthélt, die die verschobenen digitalen Signale liefert, und

eine Auswahleinrichtung, die eine der Stufenausgabeeinrichtungen, welche ein digitales
Paketanfangssignal des empfangenen Pakets speichert, auswihlen kann und eine Ubermittlung des
empfangenen Pakets von der Auswahleinrichtung zu der definierten Ausgabesteuereinrichtung einleitet,
und

daR die Steuereinrichtung die Auswahleinrichtung bei Empfang des Paketiibertragungsverfiigbarkeits-
signals betatigt.

7. Paketvermittlungseinheit nach Anspruch 6, dadurch gekennzeichnet, da® die Speichereinrichtung
ein vielstufiges Eingangsschieberegister ausweist, das einen Eingang zum sequentiellen Empfang von
digitalen Paketsignalen zwecks Speicherung der digitalen Signale in dem Eingangsschieberegister, einen
seriellen Ausgang zur sequentiellen Lieferung der gespeicherten digitalen Paketsignal an das
Pufferschieberegister und Adressenbitausgédnge zur Ableitung von gespeicherten Adressenbitsignalen aus
den empfangenen digitalen Signalen enthalt,

und ferner ein Adressenregister zur Aufnahme der gespeicherten Adressenbitsignale, die angeben,
daR die ausgewiéhlte Ausgabesteuereinrichtung die gespeicherten digitalen Paketsignale empfangen soll,
aufweist, dal3 die Steuereinrichtung unter Ansprechen auf ein in dem Eingangsschieberegister
gespeichertes Paketanfangssignal und in dem Adressenregister gespeicherte Adressenbitsignale das -
Paketlibermittiungsanforderungssignal (ber die Verbindungseinrichtung zu der definierten
Ausgabesteuereinrichtung Ubertragt.

8. Paketvermittiungseinheit nach Anspruch 7, dadurch gekennzeichnet, da

das Eingangsschieberegister eine Ausgangseinrichtung aufweist, die die Ldnge des dort gespeicherten
Pakets angebende Signale liefert, und

ein Paketldngenregister, das unter Ansprechen auf die Paketidngensignale die Steuereinrichtung zur
Steuerung der Auswahleinrichtung aktiviert, um die Ubermittiung des Pakets von der Auswahleinrichtung
zu der definierten Ausgabesteuereinrichtung zu beenden.

9. Paketvermittlungseinheit nach Anspruch 8, dadurch gekennzeichnet, daR

das Eingangsschieberegister eine Geréteeinheit enthdlt, die das Paketlibertragungsverflgbar-
keitssignal an diejenige bestimmte EingabeanschluBstelle liefert, welche mit der Eingabesteuereinrichtung
verbunden ist, und daR die Steuereinrichtung durch das Paketldngenregister zur Steuerung der
Gerateeinheit bei Beendigung der Ubermittlung des Pakets von der Auswahleinrichtung zu der
ausgewdhlten Ausgangssteuereinrichtung aktiviert wird.

Revendications

1. Un commutateur de paquets destiné a commuter des paquest de sighaux numériques entre un
ensemble de bornes d'entrée (133} et un ensembie de bornes de sortie (132), ce commutateur comprenant:
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un ensemble de moyens de commande d'entrée (1000) chacun d'eux étant connecté & l'une
individuelle des bornes d'entrée,

un ensemble de moyens de commande de sortie (1004), chacun d'eux étant connecté & I'une
individuelle des bornes de sortie,

des moyens (1014} connectant individuellement chacun des moyens de commande d’entrée {1000) a
chacun des moyens de commande de sortie (1004), caractérisé en ce que

chacun des paquets comprend une zone d'adresse de signaux de bits numériques définissant un
chemin de transmission de paquet a partir de I'un individuel des moyens de commande d’entrée, par
I'intermédiaire des moyens de connexion et de I'un individuel des moyens de commande de sortie, vers la
borne individuelle qui lui est connectée, parmi les bornes de sortie,

les moyens de commande d’entrée {1000) comprennent:

des movyens (1100) destinés a enregister des signaux d'adresse et d’autres signaux de bits numériques
d’'un paquet regu a partir de la borne individueile parmi les bornes d’entrée (133), et

des moyens qui réagissent a la réception des signaux d'adresse en émettant un signal de demande de
transmission de paquet vers les moyens de commande de sortie désignés par |'adresse;

des moyens (1104) destinés 8 commander les moyens d’‘enregistrement pour commencer une
émission a partir de ceux-ci de signaux d’'adresse et d'autres signaux de bits numériques du paquet regu,
vers celle des bornes de sortie qui est identifiée par les signaux d'adresse enregistrés du paquet, dés la
réception d’un signal de possibilité de transmission de paquet qui indique un état inactif de la borne définie
parmi les bornes de sortie.

2. Le commutateur de paquets de la revendication 1 caractérisé en ce que les moyens de commande
comprennent:

des moyens qui réagissent a un nombre prédéterminé de bits parmi un ensemble de bits d'adresse
dans le paquet regu, en dirigeant les signaux d‘adresse et d'autres signaux de bits numériques enregistrés
vers la borne définie parmi les bornes de sortie, et

des moyens (1106) destinés a repositionner le nombre prédéterminé de bits d'adresse parmi
I'ensemble de bits d’adresse au cours de I'acheminement du paquet vers la borne définie parmi les bornes
de sortie.

3. Le commutateur de paquets de la revendication 2 caractérisé en ce que

le nombre prédéterminé de bits d’adresse se trouvent dans une position de bits d'adresse de plus fort
poids dans le paquet, et les moyens de repositionnement {(1106) replacent le nombre prédéterminé de bits
d’adresse dans une position de bits d'adresse de moindre poids dans e paquet.

4. Le commutateur de paquets de la revendication 3 caractérisé en ce que les- moyens de
réarrangement des moyens de repositionnement comprennent:

des premier (1200) et second {1203} circuits de registre a décalage, ayant chacun des moyens d’entrée
et des moyens de sortie, les moyens d’'entrée du premier circuit de registre a décalage étant connectés aux
moyens d’enregistrement pour recevoir a partir d’eux les signaux de bits numériques enregistrés, et les
moyens d'entrée du second circuit de registre a décalage étant connectés aux moyens de sortie du premier
circuit de registre a décalage pour recevoir a partir d’eux les signaux de bits numériques enregistrés,

des moyens de sélection (1202) qu’on peut actionner pour sélectionner les signaux de bits numériques
de la zone d'adresse provenant des moyens de sortie des premier et second circuits de registre & décalage,
et

un circuit de commande (1209) qui réagit aux signaux de bits numériques de la zone d’adresse en
actionnant séquentiellement les moyens de sélection, pour sélectionner les signaux de bits numériques de
la zone d’adresse provenant des premier et second circuits de registre a décalage, pour soumettre a une
rotation le nombre prédéterminé de signaux de bits numériques de la zone d’adresse, de fagon a les
amener dans une position de bits de moindre poids de la zone d’adresse.

5. Un commutateur de paquets selon la revendication 4 caractérisé en ce que

les moyens de commande réagissent & des signaux de zone d’adresse enregistrés dans les moyens
d’enregistrement, en émettant le signal de demande de transmission de paquet, par les moyens de
connexion, vers le moyen identifié parmi les moyens de commande de sortie.

6. Un commutateur de paquets selon la revendication 5 caractérisé en ce que

les moyens d’enregistrement en tampon comprennent un registre a décalage tampon a plusieurs
étages destiné & enregistrer les signaux numériques de paquets et comportant un premier étage, des
étages intermédiaires et un dernier étage, ce registre réagissant a la réception séquentielle de signaux
numériques de paquets en décalant les signaux numériques regus & partir du premier étage vers le dernier
étage, en passant par les étages intermédiaires, chacun des étages du registre comprenant des moyens de
sortie d'étage destinés & fournir les signaux numériques décalés qui se trouvent dans I'étage considéré,

des moyens sélecteurs qu’on peut faire fonctionner de facon a sélectionner I'un des moyens de sortie
d’'étage enregistrant un signal numérique de début de paquet appartenant au paquet regu, et 8 commencer
une transmission du paquet regu, & partir des moyens sélecteurs vers le moyen défini parmi les moyens de
commande de sortie, et

les moyens de commande actionnent en outre les moyens sélecteurs a la réception du signal de
possibilité de transmission de paquet.

7. Un commutateur de paquets selon la revendication 6 caractérisé en ce que
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tes moyens d'enregistrement comprennent en outre un registre a décalage d’entrée a plusieurs étages
ayant une entrée destinée a recevoir séquentiellement des signaux numériques de paquets, pour
enregistrer ces signaux numeériques dans le registre & décalage d’entrée, une sortie série destinée a
appliquer séquentiellement les signaux numériques de paquets enregistrés au registre a décalage tampon,
et des sorties de bits d’adresse destinées a fournir des signaux de bits d’adresse enregistrés faisant partie
des signaux numeériques regus,

il existe en outre un registre d'adresse qu’on peut actionner pour mémoriser les signaux de bits
d'adresse enregistrés qui indiquent que le moyen défini parmi les moyens de commande de sortie doit
recevoir les signaux numériques de paquets enregistrés, et

les moyens de commande réagissent en outre au signal de début de paquet qui est enregistré dans le
registre & décalage d’entrée et aux signaux de bits d’adresse qui sont enregistrés dans le registre d’adresse,
en émettant le signal de demande de transmission de paquet, par les moyens de connexion, vers le moyen
défini parmi les moyens de commande de sortie.

8. Un commutateur de paquets selon la revendication 7 caractérisé en ce que

le registre & décalage d’entrée comprend en outre des moyens de sortie qui fournissent des signaux
indiquant la longueur du paquet enregistré a l'intérieur,

et il existe en outre un registre de longueur de paquet qui réagit aux signaux de longueur de paquet en
activant les moyens de commande pour qu’ils commandent les moyens sélecteurs de fagon a mettre fin a
la transmission du paquet des moyens sélecteurs vers le moyen défini parmi les moyens de commande de
sortie.

9. Un commutateur de paquets selon la revendication 8 caractérisé en ce que le registre 3 décalage
d'entrée comprend en outre:

un dispositif qu‘on peut actionner de fagon a appliquer ie signal de possibilité de transmission de
paquet a la borne individueile précitée parmi les bornes d’entrée connectées a chacun des moyens de
commande d'entrée, et dans lequel

les moyens de commande sont en outre activés par le registre de longueur de paquet de fagon a
commander le fonctionnement du dispositif précité au moment de la terminaison de la transmission du
paquet des moyens sélecteurs vers le moyen défini parmi les moyens de commande de sortie.

31



0 112 831

—==——)

/ 94

301440 V001

YIN0LSMY

t
.

YIN0LSM)

YIN01SNI

¥INOLSND

ES00 -

YIN0ISMI

_
_ ! g0l
] | _
I
| L P T041N0D M
_ maisis [ SSIN
| ~ |
_ 191 !
—= ge1- 0UINOD NI
301430 T0L o b= - $S300¥
L R & N33
_ _ m_m_ 61} Tw.m_
| 0 WaN
1[I . Ammhrm gk
bl gp OVl | _ -
.._HW ot HOLINS |
_ B 1390 | TOUINDD NI
_ L -HA R > 01 IN0D SS30N
! || I T _
[ YRIN 911 ¥IT1041N09 YNNYL
T04LN0D INTT
AN “ i . 9084 §5390V
_ bl | ST
_ 1 T
L H_ H - o] 008 ],
0040 TOL_ b0l LLEEY) 301440 V00T

—¢0l

H3INOLSAY




0 112 831

0UINOD NI ozl |8 o
53_53 wm_os _,M,_ é:,f 6l Y
| ! M .ﬂ_u..... A ___"
| ! i ! i I
T0UIN0D INIT _ Pt _
43HOLSY A eqr T o] 1 IR RIRRT IR
! _ L TE L I I L B
_ sszmu A L] ___ww_oaw NIRRT | | ¥
¥3HoLsnd S0V [ 182 NI RN L
“ | w0 oL Y
|
08INO INTT =
SSI0N LM. Lo
- 5044
YN0 om_._ Ty
_m__w_q _~0gy] ]
| _ 30440 1000 _ _
i <6 | !
| _ “
¥IN0LSND - | "
1 “ I 1
| | “
¥IHOLSN 301490 W01
g0l 30490 TI01 |90




0 112 831

ve 9/

9l

YYOMLIN ONIHOLIMS

e

{

300N
ONIHOLIMS

10—

90—~

00N INIHOLIMS

JQ0N
INIHOLINS

£90—
MILLIN | |4010313S[T;
L T
e | § | 082! | 10N
2 | 1} 3 T041N0D | |
{ A i gee-" |
| 11192 Tndlng —09¢ _

aon 1| e S ]

OMHOLIAS | | | _ T y3x3wd [ | Noriviow |
| _ nod 100w || SS3uaav
| | _ v B
|

| 104100 i Lof T0ULNOD |->{ ANOWIN ||

| _ 6/ | 16— 1 IR

| ws . 058 yananay Lt [E311084N0)

. WNNYL

_ oga—L__ NOY

| ) | T
0 | 002 | &
~ | |

08 | | | 300 !
ONMOLIAS | | i | ONIMOLINS

-



0 112 831

PACKET
IDENTIFIER
FLAG 4) DATA FLAG
LOGICAL | TIME
FIG. 3| ommo| o sooness | stap 1! DATA GRC | OIIINO
PACKET
FLAG  IDENTIFIER DATA FLAG
LOGICAL | TIME
F/G. 4 | Olmo U ooress | st |2 DATA CRC | OlIMI0




0 112 831

1914 “I¢l
Y3 TT041N0D

¥NNYL
0l , ofl

1 913 ‘0gl
4311041807

TR
O

191

62l
43T104.LNOD

INN¥L

VIA

Sl
405530044

TVHINDD

0l

|-

(

8¢l

g ~-128 1914 1€l
1 §1-205 S T 17 L ¥3TI0¥INO
| > | s T \ee | L)
|
| i 106 o B Eﬁ 1 914 "0g]
1 21-208 a-0s | 905 —> 21-008 | NITTONLNOD
. : 018 WITZ__606—~ g | | Nnyl
] nas | 1 -i0g ] 1-00s ¢ vel ) MOU
! e ! !
] as 1 |
1 8-208 | 8-105 [ 1 8-008 |
i 1 1108 E 1 1-005 |
i ] |
] | !
) ! !
] v-a0s ¢ p-l0g F ] v-008 [
] 6208 ] £-08 £-005 | |
. . ¥ITI0MLNO)
] 2-208 1 2-I0g 2-005 WL
: : ¥
] 1-208 ] i-108 1-008 E~-300N S0
. " ONHOLIMS| | TVHIN3O
1 0-208 0-10 0-008 —" Ve
hs—" YUOMLIN ONIEDLING NI (
G 94 I L¢l



0 112 831

JHvlS | SSaoy IHIL HLONTT
W v1vd e | woeon || [ O | 09| 0000 gy |
YERITEN OINGD HIND WTIND ig
13%0vd WNOUL WNAYL 141§
0N0S 1530
dnvis | ssauaay L HLONTT
W vva wL [waeor|! U [ waeev| O 09 | NO00O | ) 3ynyy ]
ETHITEL ORINGD WWIND WWIND Lig
13N0vd WNNHL  WNnUL 14VLS
IN0S 1530
dHv1S | SSanany IHIL HIONTT
) VLV wiL | wamor] ' e | O 09 | 0000 | y3ygyq )
NETRITEN “J0UIN0D UWIND WIND 119
13%9vd WYL WNHL 18V1S
05 153
dHviS | Ssuaov IniL HLONTT
%4 VIV L oot | O || O | B ) 000000 ) gyt
NEITED OUINGD UTIND WTOLND. 118
13%0vd WYL YNNYL 14vis
IN0S 1930

6 9/4

& 94

Z 94

9 9l



0 112 831

T041N0D
1nd100

1001

T04.IN0D
1nd1n0

T041NOY
1ndnt

=001

9001

T041NOD
1nd1n0

T04.1N0Y
1ndwi

=200l

G001~

¢ 914
GI-108
00N =
oNiHoLmg|
0l 9IS
LN
{
bes
YN
{
€26
I
¢ 914
2110
0N | <
ONIHOLNS| ¢
o | 268
W

T04.LN0D
1nd1n0

T041NOD
INdNI

001~

JA0N INIHILIMS

T041NCD
1ndNI

0001

i

uomm

g

-

gel

~—¢l-00§
ol 94

| 914 ‘1€
Y3T1041NOY
YNNMYL
HoYJ



0 112 831

£1°914 ‘2001
TO4LNOD 1Nd1NO

| 914 19l

¥901) HILSAS

Hol\  Ho¥d/0L HOY
o_o_v ~ -
(4 0 1 :
7] ? 1wy Yo
6001 0
800! 4 ¥ITI04LN0
¢
— 1 isannay NI K340 _
— : 13%9V4
a0 ! / 40 18v1S h Gl
Blll— 2N [ lant e bill
bOll 02l ot
1 |~ ¥315193y
0.1 SSIU00V
. No__(/
N EE[so TR 7 v R 1 &
AN b -
NOFLVL0Y )
= WL L ssiuaoy | 6ol
0) gl o0l Goll Ol ]
biol 0/8 68 89 10 98 S8 +8 €8 20 19 08 L g0il
o ol %_%_wwma YAISI93Y LIHS LNdNI | |
¥9010}=
¥IXTNILINA 9 Inani_| | &1
__ TOWINOY Tnaw oo ol m—
000! 1 914 Igl

/9l

Y37704.1N0D NNNUL WOYA



0 112 831

11914 ‘200 _

YIXI 1IN
0l ~

giM

1914 191

914 "bOll

%9079
W3LSAS ¥3TI04LNOD
Ol HOY
)
0121~ Bl
o 14Y1S
— 199
otel 04 LN0)
602l 1021~
- PR
[ LU2LSI938 L3S

b0el

g0l

\
LAY

o7 LE311934 _L4IHS

-

<l
TINJYTD NOIIVIOH SS3H00V. 00¢!

901l
el 9/

{

9l

11914 ‘soll
T3S viva
oY



0 112 831

[ . el
9081,

- nxumw L

199 1NdNI

~—~60g]
G0N 9NHOLINS

~~gI-108

916

R
NG+ AzmT_”A

N3d0
YN

NI
35000

1IN¥KY
T04.LNOY

2001
g 0
010l
6001 11914 ‘0001
T04LN0D LN
oy | Hodrl

~~00¢l

_T041NOJ 1Nd1n0

L1001

£l 9l4

10



0 112 831

9ll
YHOMLIN
HILIMS
LULE]

9il

bl 94

YUOMLIN}

HOLIMS
0l

\

pIbl oIl
] 1 _
SN - m_.o._oz_ SNG 108LN0D S8 T08INOD |3y 1imsvalL
21 — e vIva e VIVE e
OVIHILNI 909l mws 04109 .wm:_ 2ov
HOLINS ~_~s SSTH00V gms
el 190 [ Snd 08I0 “TSng T08.N00
ol “—gw oo MM S8 VIV (g
bl < 1001
Sl — |
sng vivo aonIi—] o] L~
SN9 TOULNOD ANONIN—] SN
_— 9S00V
U AYOH3H
~\0b! YITI04LNOD YNNYL

gl

8il
¥NNYL
0L

8ll
ANNYL
HOY4

11



0 112 831

sl 94

dVN KYOW3N
90b1 ) _
1 I | som
1ndN! 7 HILLINSNVYL
006
| !
| 718V
815 |-vosi|  NOILYTSNVL 2001 811
OI90T
g0g]
|
S0
- . 2001
Lol e VETTEER
g
_ THOWI K

ov

12



0 112 831

AL
1041NOD
RREL (U

0L

9/ 94

006
20N 0097
U097 _ .
TRT e —
AJH/N0 mm\ 2091
L1 27 A_v"wj 1091
0L ,
AN/0S <0cts il 909l
MALL—Yd] - -
117 ) il
bdl—dWaLL <Kl powes gl M nayd ]
AN —Yd] =3 - -
YdL— dHEOY ik - ._M_: ) —o— | 108
HdL/i <Ll V S0
BLLAUN <555 609} L —
BOU/ UM =515 8091 <09l
AN ()
0212 091 TETTEREL]

201

8l
4 1ANNYL
QUNE]

13



0 112 831

09!
AY/3Hd
0L

2l 94

8l

I A giul I 4
0= s e [P
9091 AT TRRL AT
_ 101 !
[ Lasw
2. 2
=7 s
Bm__ 80L1 0Ll 8Ll 9011 f I
sl 1111
| - ons ¥’ s e
509! 0L il 0Ll

109l

] 0 |uNnuL
b09| oY

14



0 112 831

8l 94

4/44d - 4/94
_ G081 ! !
p08l
A T —£001 -
~TY0Ud 92917 1 ~ 091
ong’ \~wu3ud Lo 1 EJ o0l
9910 = AL | A
gogl | 41 =<BIZ | - 348 ) 109
P L I ¥/4ud 48| 4/o8) | 40 | ny4
<0197 ~Tdaq] - 0 |Woud
0L d0 =22 - ~
6091 cv -
450017 — ) BT 50
- ] AJU/3d
6291 2091

300

15



0 112 831

o]

£091
No¥/d2s
01

4

6/ 9/d4

L2081

LN ( 6291 900 ﬁ
‘ Y \olig
ow__m a7 <= <z ¥
T L6l 6| 116 806 108!
ma_/ 4431 ei6n\ 4L 90 o6l 1061 9/949
im Sl N_m_,/ .sm_y wg_g ] g |0
DIIZ4 L 3 ~ Al Il da)] AR
| 90 o o el o100 7 T A D T T
80917 i a a a TR
~— fv | AN 06 20 <
606 ) 06 L ) 2061 106

16



0 112 831

¢06l
JHIL
TYAIYYY
0L

oz 9/4

Y000~ 002~ § 6202 i i
Op- 9k V> TEIEES
THINY Wo—p=q*  HIND
V4 10V VIva hiy da il <5002
pa02— 1202 %02 1602 !
] [
_ 2002
*® dh - h
TP=1 veoz || o2 e
™ Ple-g \ o e |
l~ 0 b 9> \TI. .
8061, 9202 msw a_;\m 8002~ e
{0~ Pre-g_ | 1202 | yjog Woe” § ool
{ 0 _ 9 —i
1061 <E20¢ 2202 (oS 1002 4
) ple-g 0202 W f ]
Y ¢ ons ¥ (=
9061| "~v202 — 9002 -
610¢ 8102 1002 Wi bI9l

1061

1081
Y/4)
HOY4

17



0 112 831

£061
0Id
01

/2

9/

61z nmi_a
T 14
9G- Bb- £l Ssveeto I
b1~ TYIND 1N ms ¥1ND
0 Hs dl R0
_ 2] %T_ ik
17§ NS | !
! _ %9019
a1 ns] e RA) zm%%
2010 (— —101¢
{
s | |1 e YIL
oIz rm| > g: .
<t - <j=
‘n_mh oAll& \ ) )
] - =7 dd
el — =112 o
1= dclegi GoI2 406! 1061
] e ﬁa avd
061 =0lIg oY
e 1061
T < . T
6061] 6012 1 _IWIL VATV _ 906! \

2061

18



0 112 831

£091
A¥/des
0L

106l
HINTT
01

cc 94
£122—
~ g
-+ 111, i
Sheel o o
THLND 189 AR 1L
N3 — 40 022
| §0ce L |z _
plee— sxmdL
022 1.
0~ et (ENS -
Bl | N T
[ 6022~ A
1= U 10¢2
SO (L1 ey
P . < ft—
A= i e
b6l 22 |
! N [
Ly ol dl
¢16! —IIee ~
e 0l6!
Qo
Sy o—< _ a
4L T4 Bzz (Ld _ mms_ \

061

206!
JNIL
TVATHRY
WOy

19



0 112 831

£2 94

60¢2
@Nl cl ] | 3 ﬂm
bee 10
1082 THING IND In H19 Y1ND
HS 01 W31 lHVISIM  dO + =T
_ 152 9ice ¥
Y7 - ]
6161 061=] 80€¢ 0Ig2 _
1 /dnooN [
S 01 *
b T
A e I
U ="t 1| UMW | e,
ke ~G0ez 1 < L ~61€2
ov oL Y
[ dg= Y=t 2 Q«V.n Lo s
{ Of Gys 7 te Ta
N6l ~pig2 -
506! Tlegf 0ees o i6!
W =7 o s ¥l T
olel = —
1= 0|=-g ¢0ke mu 16!
, n_Na_ \afﬁﬂl s s —_ Nc\
A giea —0£e7 _ HIONTT | 31

06!

€06l
(1d
GULE]

20



0 112 831

LlLL
1041N0OD
RREL

01

2091
~ )
6LL/A0 - 9510
§ie” :
B4 ~gare 7 w0 4
L b0¥e L9l
8117405 -2
80/d05 <LEL07 BRI
dMaLL——d] <85S Il 4
G0N — UL~ L2l W/I90V a__ 4/ng SO 4
Hdl——dRgLL =2eles W 609 o -
QL g09]
Hd L——dMEQY ~38Le” N - \
UL/ =Ll iz 0%
BL1/HR L2l t _
§0U/ UM <S4l
TirZ4
40 4 - -
[ ®) NOUTZS
0212 - 09I -

¢09l
AJY/34d
HoY 4

21



0 112 831

Gz 9l

- e
( i :
G0b2
Ol «.Q «l&
2012 s [ s~ 4t
¥/100V _ ! =906 06 0191
0L
252
pove| 1 . 4LND
mc“~ uvil& 0 «l& - «!&
y oz L% . .
oV~ ls2 6052”7 Ly (9IS (914 T
( | 6062 2062 609l
¢0b2 — —
) L1
ouzl | 9 L9082 1087 g #
s%_ns L nd1nd . e L 1
ssa00v| 40 =g - T - (90¥S (91¥S i |
ol 5 % R =08 8001
Sy Yy )

~~10k2

2091
N/AHUd
WOy

22



0 112 831

9c 9l4

1092
AL/~ ﬂ
EEMWW\ T Yl -
dnaLL wamww, e <m0
¥dl mga»wmmwl Eeoe
G | 70 6092 9002
LT 7002
) |
gL ﬂsg Plp
oo e o e L
- zmmmmuw [ 5 T as  THIND
92127 SIS e In——HdL
M T m_wN\Qy — Hdl—=—dA
e | L% P 7202
_wa, |@w;®_§ %«\\(T 179507 ] |
w7 92~ e
»
il
carz/ VAR

1
2091
—dL {obaug
7290 | o
20
1092
|
- g1
) /mmmw 1072
Tyops (408
Yoy
a0
2092

0

23



0 112 831

ADD R WE
1404 — 4} 444 _
A INTH
6 70— ph0 W R[22 703
& 4 4
2758\ /g%lz IO ) /;Zggl
WR/RCB —4L 5753 D 2733 232
iz " gl
—l RECEIVE g QUTPUT Il pn/7po
TTBUP=—=TPR—re] 2125 2104~ 2135 Er—L/TeOL
TPR‘—TTE}VQPM a8 chﬁi‘ﬁ: ROBFE RGERP \2%17“‘
2778 1 |_TTBWP TTBWP+ , STBRP L o138
owggg; 3 ——=DP/RCB
O/ TR TTBFE L2707 21054, ¢ -
ST —— T Pt L spprres
2058 —_— 2740
DP/TTR~M—T RS | o
T H L
S R H —~
56 | _Lo710 2708— STBFE I
y
DF/RMB=—" | comi ———% 0w
2755\ TTBRP ’ STBWP STBWP+1| 1 f2744
2%4‘ wuaRe —{uFE ot 245 \%IR/XMB
RD/XHB— <77 21—l R/
RD/TTB = N Al WR/TPI2
o153 | | IRANSMIT o | p WPUT XHBWP~TPI]
INTERFACE ap A0 INTERFACE /j TPTI=XMBWP
R ¥ M —STRNP—TPI)
2149 For—TPTI~STENP
2765 TPI2H=DI
2714 2150 TPI2L=—DI
st e | el | (28
2160 2762
216l—¥ ¢ v yv—2763
T0 TITXTR
FlG. 27

24



0 112 831

" TPACKET BUFFER -
28?05 280h—.  28l1— |
READ RP !
2808 [
0P - 2812
|
L Ls g" V2803
S0P 7 n i
L T I
' 2804 ||
~2809 =
WRITE e {
2813
FlG. 28
T POINTER
2914
CLK ! %g:g '>c
RESET __| ZE ~ 2902
INC > ~EN 2900 |
LD T 12903< 2904 2919
o7 1412917 ) b ) ) __loa.
) ‘ - 2907 ¥ 2908 ¥
2918 2905 ' | . LIMIT
(1) N
| )
2906 L ong 2920,
230 (14)
_ | —L = 1= START
" 2911 2913
2912% 292]
14
= - - )DO+I

FIG. 29

25



0 112 831

oc 94

o_~s - -
i i i 8
Lz 1= R T 0 M
) P —— - i} S -
( dmaLL (b1) " NIt
600€ - 01} ] ¥d1—dMaLL
£00¢ 9212
| 1108 0
9108 I |
00 ¥di Sy} MMWN
dMaLL—Yd1
2006 < n—t T dHEN Yl
o&m . 62L2
%%g T+dRAT] TN 00 o _
—— - - 0 -
0L U ~dmeou| s o0 dNa MW.,H_J m_m ;
Lgm - - 0} AT
.mﬁ __ 9008 oot 7 mﬁ%
il T W 2L’ e’ R’/ SMU/EM
PELLLEN Mg, - - - -
vooe C[600F w1 _ TOVIGIN A0 c~~z.

Y

26



0 112 831

4114 _ 148
o/ To{ L READY SWITCH _INTERFACE 3| 1
OUTPUT  outpuT _ | swiTeH
CCT 1405 "l CONTROL NETHOR¥
M I FuLT 306
3m§7-i—~ DETECTION | 3108
33T —
313
30l |
L MAINTENANCE
o= REGISTER
5012 ! 3104
L 303 PACK?T
>| REGISTER "1 FORMATTER
3
3102
MAINTENANCE
CONTROL
| 3
3105,
IR | L L e
10 FROM
NPUT | —1 INPUT L | SwiTCH
T | =t CONTROL NETWORK
1406 I

F16. 3/

27



0 112 831

Ul
1041N0D
RN
HO¥4/0L

OIS ——ITdL <13

G127
|Td]——dNgLS =
(4L ——dNEHY <22l

ce 9l

Il

grs/n0—oLe L,

oY /M0 S 1

- Q15/d0g-Etke

[
BHX/d0S 117

10—121dL =

T0-—HeTdL=SLe7

JMIHY—1TdL <2187

e
¢Id1/UM 1017
Ew\zgd

917
BNX/ Y <S>

L] jv!il

NI/deS

N

¢/ dMN

¢¢Z S|

[}

oL NI/

 }

60cg~  dd

80ee/ @

~L02g

N

~90¢8 NI/

13

~602¢ 4 N]

1008

bbLe

L202¢

13 1ndNI

~p02¢ a
N02E

~—904]

/14

o

28



0 112 831

3201,

'3302\ PRF/IN

3301

D 3208

ol sy [ i
DT et [P PRR/I TP 30 ooy
{ MWP_~3212 173909
3308 . IDISC_ 2211
305~ 7
Ly 8306 LTI 2N a0
PV lenera/on ]L"'
B3 | 3304 .
=1 o1 [T PRAI 32068
FIG. 33
B
307 3400 3905 PRE/L /3402
Frou | ) p| 3800 T p) (3408 TE S pOT By zg0g
1 LN N R T D; 7% QR LI f
> !
3308 ‘ 408 wwp 3212 |SSPN
dalz ' P30,
FIG. 34

29



_ 340l
FONTL/I
33207 3501, 3502 ML/ 3506
D SR(8) SR(40) - D )
H 3503 ’
= /3501
0P - SR(48) FD 0P
- <} o
3308 s g | 34%)5
| 4~ 3508
comp 2 =Dm -
_ __(8) ' 3510 ()
|~ 3212
H 0 \<3505
coup L = e
_18) | 3509 | {
| - 3210

0 112 831

10
FLNG/T
3402

10
S2P/IN
3202

FlG6. 35

30



0 112 831

£0ve
17040
0L

9g 9IS

_ 2ee
| ~
D>leg NN
)
g%n fssj g%m
HS}= +
_ 0= im
(8)4S 7. ow_ Muu L _
T.ﬁm
32> b09¢ : 9>
w b19¢
b e glog i
g a
80bE | ey
( - ma : 9> le-g g~z
T 0198 fs%mn a0
10v¢
B ~ HE ‘IQ _
- ( i 9> g bOvE
1098 Up 0 ~
609t  goge WELRE 109

bt

10ve
T04LNOD
ROYS

31



0 112 831

o0¢f
NI/d¢S
01

28 94

M-
HIND ) dAH
o wmow s s o 9T
}fg; .
ﬁ' 1NON3 + ¥
1 410 HSjee _
R A Ll
\.ov »
602¢ I f
( ~t ﬁ » .ln& m.s.m Q Q 7 IIQ movm
4! e i) -
“~g0.¢ - 40
20LE _
802
L e
- _ g | L0tE
T F T
901¢ . Al
1/ o

~—p0be

o0ve
1700
GILE

32



0 112 831

bovl
04LNOD
SS3yaav
HO¥4/0L

g 94

Il

g1/ —3Le

Y

AL

J
8157405 <E0L

J
GHX /405 = 2L<

—_— 161¢7
0 —Teldl==er5
10—H¢Idl =

JRALS—— 1 TdL =1oke”

J
IR ——Td L ~BLe

/
11— dMa 1 =<trie

T4 L—— AN <ok

DT
815/4M ov17

BN/ U =257

I/130v

T 10w

[

[

AoE

'Y

0leg”

lieg"

A

A

208

=T

N1/ddS

/AN

08¢

bvle

028

4 clit

10¢¢
NI/JHd
HOY4

33



0 112 831

6c 9/4

\ no%m 106 Fleg
-1 O
b08s
) 9066~ 35 }eg
(Qte=
L .
0L/HoY4 | 606¢ y _
i Y1 m +
ot ¢
nmz g
('
SR g0ee—~—10"
8066 4,
Ly 2 | soee
\
W Sx_w - mor
| 1 1 |
a1 T H 2068
_~p06¢ £068— g
(S I g%m
0~y - O
b2 9 95 ~—106¢
Ly Ly 1/44

~~|09¢

102¢
NI/44d
HoY4

34



0 112 831

o~
ADCI/T /%7161
I
275
TPL2H =D —2008 4;;5122%—01
TPI2L=-DI = TPI2L—=DI
WR/TPI2—L—Y" éWR/TPIZ
40357 Lo~4006 4017 2145
- r4036 4ouof 4018 3}'4\2"7%“8
[ N :
3303 _[;“ VPPl =) 3)—1%%%%4%1
{aoK| SPT4029 oy pl | 4087 4019\3} Vs -
BUFR/I| 0P| |1, sop 4038 ~~400 ||| 4020 | 2767
3801 | 11 =) -4 SOP/XMB
] L8-1 ({40& f\]:r 0V/XMB
3804’/ o 40214& a3
38051 2746
U D
40c0 J<C K - %}.Kgsg(\)qp-rpn
4024-
50 D Teri—sTawp
ENDO : 4025172 | 20
4014 ;}— SDP/STB
ENTP} | 4015 4026-
¢ 403K
Liiféry
! f#zmoz 4027 . y
] ' TO/FROM
GR 3210 b ADDRESS
-1t comm
 DISe gJ ~—400l
( 4003
3201 =i =.
4004d_I—l<c [
FROM
pRF/TH| LML
w0l |Gl L g
@ ﬂ——-<c
),
«3[2 /M| 4008 40057,
] 4007— _
i . Fl6. 40

35



0 112 831

i e

ene

BIbl
EHLELERL]
HOLIMS
WOy

It 94

12b S TR
L1 ou ol Se

- Slilz
|
~Tno/mimng]  Lnodyd 1 dO 1n0/52%d <gep IS/
24 ¢! ST
=7 Sty <gp 5B/l

i N
199 IndIno 101% I£Le

~gobl

)

ol
T04.LNOY
9s3yaav
0L/HOY¥

36



0 112 831

cr 94

0=TINO NOILVWYOJSNYYL IND 1ndLnO

THE HTAING | YTHLND
VIS | SSIU00Y L HLON3T
) VIV AALNI0L 041809 | JNOSL | YL
cozp ENT R L AR T LT e
A
¥ILLYHNOITY
1310vd
ol
902 502y 402 |
TEE FIND | ATALND
VLS | SSU00Y 3L LN
W VIO AJINI0T T04IN0D | INOYL | WMDY
2020 || 3 [woro | o | A I | L Lo
JIN3 ,.
31991 NOLLVISHVYL
TINNVHD THDI90T —
WIS/ TTTIVEVY .
1w
EE N | VTN
anvis | ssaua0y | L HLONTT
A vivg L | TWoi007 | A3 | wynigy | 108LN00) JARAL 1 ONIML 1 130w

37



0 112 831

£t 94

b '£=1IND NOILYWYOASNVYL 1%9 1ndLn0

¥l ATIND | 4TALND
a1 | dnvis | ssuaoy | 3L HLONT
i VIv0 1800 | SOV gozngua | L | Taiog | JSNITL | ypuyy | TOULN00) JNRRL MR 1 15
£0Eb |
HLIYHY043Y
130V
S0Eb bOgh o
T HIEIND | 4THLND
Ul VLS | ssaaoy | InL HLONTT
\os MO 100 SO0V ogoona | | CaC | oioo | {3RAC | iy | TRLNOO) ML | L 3oy
{
20ch AN .
318Y1 NOLLVISNVAL
TINNVHD TWOI907 AET—
NI/ TATIVEVY
<0if
T FILND | UTOLND
a1 dNLS | sauaay | _ 3 HLONT]
\s_o 10107 $534aay ss3004 | WL | Vo1 | TENAVE | gy | TOULN0D) JNOSL | IR 1o

10&d

38



0 112 831

vt 94

9°G=TIND NOILYWYOISNVHL 1Y) 1nd1n0

N ATHIND | HTUIND
21N | LN | ar | dnvIS | ssaoay NIl HLON3T
) L3I T04INOD | WAL | AL
WML | WML | ssaoowd | WL | TvOo0n | AN | VARG JnnuL | L1 3w
¥3LIVYOSY
13¥0vd
|
e AHIND | UTHIND
N0 |1 1n00 | o avis | ssawaay | 3L HLONAT
™0\ il | winal (sssoosa| /| L | oot | 3 | voamey | TUINO0) RS | A | 10w
{
AN
TI0VL NOLLVISNYL
FELTLR U N ——
WIS/ TTTIVNG
TEE ATBIND | 4TI
ZIND | LMD | ar | dmvis | ssauoov | I HLONT]
W1 Swnl | ownel | sspooud | awn | oon | JRAGT | gy | TOBIN0D} NARL ) KBL 1avov

39



0 112 831

—
/
00 ) ~ bes/ouT
450 \
2160y :
To/foH | RO/RCB=2 LS Rl 0V ) | siiTeh
ADDRESS|  DP/RCB—pmzzi= 4503 INTERFAGE
CONTROL RD/STB~7740\ | L] 1418
1404 | DP/STB—S=2r=1  ADCI/0 > /
L2035y DP BUF/0 \
LD/TPOH =53 TACK 4115
LD/TPOL =757 -t D /| T0
ALIGN.<273 4\ 4504 DP_ . |PRF/OUT
RD/TPO =222 4505 T | 402
4116/
FIG. 45

40



0 112 831

9t 9/4

019F il
g 5
NAAVWUI' > tle
<v0op
208h — .
0ing |2 H<ires o
s T T T
| 0 TYLND fEMMm%—,_\%z
0 M%mwvs:é
y Ak HOdL /1T
o
! <L gy
o Pt . e /0y
# Nc._. _ |va be=1IND /mw“”w ol
Sﬁ;/gg
! H0 J—1> 9'c'0=11N)
9'g'0- r 209
' T 109y 509
109 (1 )
%L ’ ca -
| lot e
_ AR
@ —IcLe 106k

0d

LA
104.1N0D
$S3yaay
WOY4/0L

/

41



0 112 831

0lb
1n0/34d
0L

Ly 94

D | Gogh
oy ()
/ - V_Q<N
S0Lb 4
S0y pOCH e_mwf
— 0L/H0Y4
£0LY TWIND 3~@
S 0 0= qIa )
T
B )y TR
1612
¥ i [0Lh~L__9> [

8ivl
JIVAYIINT
HOLIMS

hO¥d

42



4115

0 112 831

FROM | 0 D
P2S/0UT
a0 |77

alie |

4102
480/ PREOUT
_ 4114
: z
ya
PRF/0 PRERR/OUT +
[[HERR/OUT
419
4120
FLT/OUT
4803
) 421
4802
PRF/0
FlG. 48

43



0 112 83t

6 9/4

o =41 _ 1110/8Y34d

elng

9 e
A N 119 pe—t
il £I6y Sp06t
9Ny
40 =Da LN - L)
{ 40
Bilp | 350 150 |
5_ FEFFE *fg@
b 10930
- N f—f 08
— Ly .
T 806t \_ oo
_k NV e o
(= 004 06y — ov | || %)
\ 106% 1| s
1y 16y 3 _~2l60 | !
- 0181 | ~—0
/x 906% _c~$
6llb
{ !
) ; W | T
1007 943H P — \
.y ! 07I% ] Slip

~08h

101b
1n0/5ed
WOy

44



0 112 831

20§

{
I

106 YL ==

206K . <0105 INAS/ gL
g | DVLI(ETER _ |
me/ ™ Liwx/0 A )
o s i - mmmmyv.m:e_
0205~ 04 A L2 a glX/0Y
T 584 A0 s -] s [ fwmm oL
( ov Q MY anx/da
6105 TR0 g W0 0 “T<ggg W
9108 ¢l0g
<1008
WILLINSAVAL

NI

45



0 112 831

gwm
— -
' SIS YOI Hp= ==
| REA <0105 ONAS/ N
L
_ X/44d T xow [
< boIS _
f
1206 —. 1
- NNW_A.“E\E F=£0l5
r/
TR = n_mnr
810 ' R
i H 1o s
HOU3/0L| = A . 0L/HON4
=T d0 X /444 = a xw [ M__a Nr
B\ 0
9015 T p10S
o 018" K7 108

2008

46



0 112 831

47

5106 02— 5016
5‘°7ﬂ 5200 PRE/X 5902 5203 5017
FRo [ JL D], D D D )\
eRe/X| TP FTS P FPID [ JOP.|  FoRe 0P [ |T0/FROM
M 5204 (5208 | PBS
M5\ (SING \5010a] T F 5205 1 % 5207 I ROY | 5003
—-3{ncx 50l : : ]
) ] 5018
Fe— - _
o0iz FlG. 52



0 112 831

810§
£00S
o8d | L
Woys| AY

£ 9l

1 10
> > N
Iies e |
HES
TYIN9 Y _ |
I 1og
<F05% camr B | Y
YIND b T P B—
,,140“ TAS]) sl
l I ¥ ‘ —
plce HER 14} > HS PHN I
VS - (8)¥S VS 0 (9IS _
SL} ~S90¢8 “~G0ES v} Sbogs ~~J0¢S J_m ,
d | o
X/24)
W04
_ T3 _ 0|
1025 90IS

48



PSI (y)
PHI ()

THETA (6)

0 112 831

1 1
[ [ [ [ [ 1
[ 1 11
SYSTEM TIMING DIAGRAM
FlG. 54
FIG. | | FI6. 2

FIG. 55

49



	bibliography
	description
	claims
	drawings

